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(54) CONTROLLER OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the accuracy in 
operating the amount of the air charged in a cylinder in 
transition. 

SOLUTION: An opening command value is determined 
corresponding to an accelarator operation amount or the like 
during the operation of an engine, and the output timing of the 
opening command value is delayed by a predetermined delay 
time. An estimated variation of a throttle opening is operated by 
an electronic throttle valve on the basis of the opening 
command value before delay, the estimated variation is added 
to the present throttle opening (the output of the throttle 
opening sensor) to determine an estimated throttle opening at 
an intake valve closing timing. Then the estimated amount of 
the air charged in the cylinder is temporarily operated by the 
intake system model on the basis of the estimated throttle 
opening, and the obtained amount is differentiated and 
integrated to operate the estimated variation of the amount of 
the air charged in the cylinder. The estimated variation is added 
to the amount of the air charged in a base cylinder operated by 
a base intake system model to determine the final estimated amount of the air charged 
(the amount of the air in the cylinder determined at the intake valve closing timing). 
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JPO €uid NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] In the internal combustion engine having the electronic throttle system which drives a throttle 
valve with a throttle actuator and controls throttle opening An opening command value operation means to 
calculate an opening command value based on an accelerator control input etc., A delay means to delay the 
timing which outputs the opening command value calculated with said opening command value operation 
means to said throttle actuator, A throttle opening prediction means to predict subsequent throttle opening 
before the delay output of this opening command value based on the opening conmiand value before making 
it delayed with said delay means, and said electronic throttle system response delay property, A restoration 
air content prediction means in a cylinder to predict the restoration air content in a cylinder based on the 
throttle opening predicted with said throttle opening prediction means, The control imit of the internal 
combustion engine characterized by having a fuel-oil-consumption operation means to calculate fuel oil 
consumption based on the restoration air content in a cylinder predicted with said restoration air content 
prediction means in a cylinder. 

[Claim 2] Said restoration air content prediction means in a cylinder is the control unit of the internal 
combustion engine according to claim 1 characterized by predicting the variation of the restoration air 
content in a cylinder to intake valve close timing based on the throttle opening predicted with said throttle 
opening prediction means, adding to the restoration air content in a base cylinder which calculated this 
variation based on the current operation parameter, and predicting the restoration air content in a cylinder. 
[Claim 3] Said restoration air content prediction means in a cylinder is the control unit of the internal 
combustion engine according to claim 2 characterized by to predict the variation of the restoration air 
content in a cylinder to intake valve close timing using the inhalation-of-air system model which applied the 
conservation of mass to the inhalation air which considers that throttle opening which inhalation air passes is 
an orifice, and flows a throttle passage air content and a throttle down-stream path in integrating the 
variation of the output of this inhalation-of-air system model to intake valve close timing. 
[Claim 4] The formula which calculates a throttle passage air content with said inhalation-of-air system 
model is [Equation 1]. 
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• f (Pm/Pa) 



Gin : ^P^yh/WiiSS^ft [kg/sec] 

Pa : :fc^[Pa] 

Pm : KStECPa] 

R : 

T : K^a«[K] 

f<Pm/Pa) : »^Pma::*:«flEPaC0H:'T?ilt*5«affi 
A= «Ta(l-~cos«e) 

r : . ;^n:yb7W^A':/<D4^[ni] 

In case it is alike, and is set up and said restoration air content prediction means in a cylinder calculates said - 
throttle passage air content, f (Pm/Pa) is Pm/Pa. It is the control unit of the internal combustion engine 
according to claim 3 characterized by computing from the table made into a parameter and computing mu-A 
from the table which makes throttle opening a parameter. 

[Claim 5] The table of f (Pm/Pa) used for the operation of said throttle passage air content It is set as an f 
(Pm/Pa) = negative value at the time of f(Pm/Pa) =OPm/Pa >1 at the time of f(Pm/Pa) = forward value 
Pm/Pa =1 at the time of Pm/Pa <1. Said restoration air content prediction means in a cylinder is the control 
unit of the internal combustion engine according to claim 4 characterized by having a means to equalize the 
operation value of said inhalation-of-air system model. 

[Claim 6] Said delay means is the control unit of the internal combustion engine according to claim 1 to 5 
characterized by setting the time delay of an opening command value as the time amount which deducted 
the dead time of said electronic throttle system from the time amount from the operation timing of the fuel 
oil consumption of a certain gas column to the intake valve close timing of the gas column concerned. 
[Claim 7] Said delay means is the control unit of the internal combustion engine according to claim 1 to 6 
characterized by outputting without delaying said opening command value when the time amount from the 
operation timing of the fiiel oil consumption of a certain gas column to the intake valve close timing of the 
gas column concerned becomes shorter than the dead time of said electronic throttle system. 
[Claim 8] Said delay means is the control unit of the internal combustion engine according to claim 1 to 7 
characterized by outputting without delaying said opening command value when an automatic transmission 
corresponds to either of the neutral conditions at the inside of the predetermined time immediately after 
starting, and the time of idle operation at the time of starting. 

[Claim 9] Said throttle opening prediction means is the control unit of the internal combustion engine 
according to claim 1 to 8 characterized by predicting the throttle opening after an opening cormnand value 
delay output using the electronic throttle model containing the lag unit and rate limiter more than primary 
[ which considers the opening command value before making it delayed with said delay means as an input ]. 

[Claim 10] Said throttle opening prediction means is the control imit of the internal combustion engine 
according to claim 1 to 9 characterized by predicting the variation of the throttle opening to intake valve 
close timing using said electronic throttle model, adding this variation to current throttle opening, and 
predicting the throttle opening of intake valve close timing. 

[Claim 11] Said ftiel -oil-consumption operation means is the control xmit of the internal combustion engine 
according to claim 1 to 10 characterized by having a means to amend fuel oil consumption according to 
operational status, and switching the correction factor to fuel oil consumption by the time of the load effect 
by accelerator actuation, and the case of being other. 

[Claim 12] In the internal combustion engine having the electronic throttle system which drives a throttle 
valve with a throttle actuator and controls throttle opening An opening command value operation means to 
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calculate an opening command value based on an accelerator control input etc., A throttle opening 
prediction means to predict the throttle opening of intake valve close timing based on the opening command 
value calculated with said opening command value operation means, and said electronic throttle system 
response delay property, A restoration air content prediction means in a cylinder to predict the restoration air 
content in a cylinder based on the throttle opening predicted with said throttle opening prediction means. 
The control unit of the internal combustion engine characterized by having a fuel-oil-consumption operation 
means to calculate fiiel oil consumption based on the restoration air content in a cylinder predicted with said 
restoration air content prediction means in a cylinder. 

[Claim 13] Said restoration air content prediction means in a cylinder is the control unit of the internal 
combustion engine according to claim 12 characterized by predicting the variation of the restoration air 
content in a cylinder to intake valve close timing based on the throttle opening predicted with said throttle 
opening prediction means, adding to the restoration air content in a base cylinder which calculated this 
variation based on the current operation parameter, and predicting the restoration air content in a cylinder. 
[Claim 14] A restoration air content operation means in a base cylinder to calculate the restoration air 
content in a base cylinder based on a current operation parameter, The inhalation-of-air system model which 
applied the conservation of mass to the inhalation air which considers that throttle opening which inhalation 
air passes is an orifice, and flows a throttle passage air content and a throttle down-stream path is used. A 
variation prediction means to predict the variation of the restoration air content in a cylinder to intake valve 
close timing based on the variation of the output of this inhalation-of-air system model, A restoration air 
content prediction means in a cylinder to add the variation predicted with said variation prediction means to 
the restoration air content in a base cylinder calculated with said restoration air content operation means in a 
base cylinder, and to predict the restoration air content in a cylinder. The control unit of the internal 
combustion engine characterized by having a fuel-oil-consumption operation means to calculate fuel oil 
consimiption based on the restoration air content in a cylinder predicted with said restoration air content 
prediction means in a cylinder. 

[Claim 1 5] An intake-air-flow detection means to detect the flow rate of the inhalation air which flows an 
internal combustion engine's inhalation-of-air path. The inhalation-of-air system model which simulated the 
behavior of inhalation air until the inhalation air which passed the throttle valve flows in a cylinder is used. 
It has an operation means to input the output of said intake-air-flow detection means into this inhalation-of- 
air system model, and to calculate the restoration air content in a cylinder which is the output of this 
inhalation-of-air system model. The time constant of said inhalation-of-air system model The control unit of 
the internal combustion engine characterized by setting air content change as a small value so that a twist 
may also actually appear at an early stage. 

[Claim 16] A means to presume the current restoration air content in a cylinder based on current throttle 
opening, A throttle opening prediction means to predict future throttle opening, and a means to predict the 
future restoration air content in a cylinder based on said future throttle opening, A means to add to the 
restoration air content in a base cylinder which calculated the deflection of said future restoration air content 
in a cylinder, and said current restoration air content in a cylinder based on the current operation parameter, 
and to calculate the final restoration air content in a prediction cylinder, The control unit of the internal 
combustion engine characterized by having a fuel-oil-consumption operation means to calculate fuel oil 
consumption based on said final restoration air content in a prediction cylinder. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of the internal combustion engine which 
improved the operation approach of an internal combustion engtne*s restoration air content in a cylinder. 
[0002] 

[Description of the Prior Art] In order to correspond to the exhaust-gas purification regulation which 
becomes severer future still, it is necessary to make highly precise Air Fuel Ratio Control (fuel-injection 
control), to calculate the air content (restoration air content in a cylinder) with which it fills up in an engine 
cylinder with a sufficient precision for that purpose, and to set up the proper fuel oil consumption 
corresponding to the restoration air content in a cylinder. The operation approach of current and the 
restoration air content in a cylinder currently generally used detects an intaJce air flow with the air flow 
meter installed in the upstream of a throttle valve, and is divided roughly into the method (mass flow 
method) which calculates the restoration air content in a cylinder from the detection value, and the method 
(speed density method) which detects an intake pressure by the intake-pressure sensor, and calculates the 
restoration air content in a cylinder from an intake pressure and an engine speed. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, the timing which the restoration air content in a 
cylinder decides is intake valve close timing ended like an inhalation-of-air line, and the timing which 
computes fuel oil consumption is a front [ timing / intake valve close ] (it is because it is necessary to 
perform fuel injection before intake valve close timing to make an injection fuel inhale in a cylinder). Even 
if it computes the restoration air content in a cylinder by which approach of the conventional mass flow 
method mentioned above and a speed density method, therefore, to a transient The restoration air content in 
a cylinder changes from the calculation timing of fuel oil consumption before intake valve close timing 
(definite timing of the restoration air content in a cylinder). Consequently, the ratio (air- fuel ratio) of the 
actual restoration air content in a cylinder and the fuel quantity which flows in a cylinder shifts from a target 
air- fuel ratio, and there is a fault that the Air Fuel Ratio Control precision of a transient worsens. 
[0004] This invention is made in consideration of such a situation, therefore the purpose is in offering the 
control unit of the internal combustion engine which can raise the Air Fuel Ratio Control precision of a 
transient. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention predicts the 
throttle opening of intake valve close timing (definite timing of the restoration air content in a cylinder), 
predicts the restoration air content in a cylinder based on the prediction throttle opening, and calculates fiiel 
oil consumption based on the restoration air content in a prediction cylinder. Here, the change of the 
restoration air content in a cylinder of the reason using throttle opening as a parameter which predicts the 
restoration air content in a cylinder is mainly because change of throttle opening is generated as the origin 
and change of the restoration air content in a cylinder can be predicted with a sufficient response from 
change of throttle opening to a transient. 

[0006] It becomes possible to predict the throttle opening of intake valve close timing (definite timing of the 
restoration air content in a cylinder) by delaying moderately the timing which outputs an opening command 
value to a throttle actuator with a delay means in the internal combustion engine having the electronic 
throttle system which drives a throttle valve with a throttle actuator and controls throttle opening like claim 
1. Under the present circtimstances, what is necessary is just to predict subsequent throttle opening before 
the delay output of this opening command value based on the opening command value before making it 
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delayed with a delay means, and an electronic throttle system response delay property, since response delay 
(dead time) exists in actuation of an electronic throttle system. It can become possible to predict the throttle 
opening of intake valve close timing with a sufficient precision, and to predict the restoration air content in a 
cylinder with a sufficient precision from the prediction throttle opening by this, and the Air Fuel Ratio 
Control precision of a transient can be raised. 

[0007] By the way, the approach of predicting the restoration air content in a cylinder from prediction 
throttle opening has the advantage that the responsibility of a transient is good, but on the other hand it has 
the inclination for the forecast at the time of a stationary to shift from an actual value by dispersion in an 
electronic throttle system, aging, a service condition, etc. Moreover, at the time of a stationary, since the 
restoration air content in a cylinder does not change, the restoration air content in a cylinder calculated based 
on current operation parameters (an intake air flow, intake pressure, etc.) is in agreement with the restoration 
air content in a cylinder decided to subsequent intake valve close timing. 

[0008] Then, it is good to predict the variation (a part for transient change) of the restoration air content in a 
cylinder to intake valve close timing based on prediction throttle opening, to add to the restoration air 
content in a base cylinder which calculated this variation based on the current operation parameter, and to 
predict the restoration air content in a cylinder like claim 2. If it does in this way, it will become possible to 
predict the restoration air content in a cylinder with a sufficient precision by both the time of a stationary, 
and the transient. 

[0009] Furthermore, it is good to predict the variation of the restoration air content in a cylinder to intake 
valve close timing using the inhalation-of-air system model which applied the conservation of mass to the 
inhalation air which considers like claim 3 that throttle opening which inhalation air passes is an orifice, and 
flows a throttle passage air content and a throttle down-stream path in integrating the variation of the output 
of this inhalation-of-air system model to intake valve close timing. By using such an inhalation-of-air 
system model, the variation of the restoration air content in a cylinder to intake valve close timing can be 
predicted with a sufficient precision by comparatively easy data processing. 

[0010] In this case, the formula which calculates a throttle passage air content with an inhalation-of-air 
system model is good like claim 4 to use a degree type. 
[0011] 
[Equation 2] 

Gin = ii • A • J^!_ • f <Pm/Pa) 
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A : 
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[0012] In case a throttle passage air content is calculated, f (Pm/Pa) is Pm/Pa. It computes from the table 
made into a parameter, and you may make it compute mu-A from the table which makes throttle opening a 
parameter. Thereby, data processing of an inhalation-of-air system model tj^e becomes very easy. 
[0013] Like claim 5, fiirthermore, the table of f (Pm/Pa) It is good to set it as an f(Pm/Pa) = negative value at 
the time of f(Pm/Pa) =OPm/Pa >1 at the time of f(Pm/Pa) = forward value Pm/Pa =1 at the time of Pm/Pa 
<1, and to equalize the operation value of an inhalation-of-air system model. If f (Pm/Pa) is set to f(Pm/Pa) 
= 0 at the time of Pm/Pa >1 although it does not become a negative value physically so that it may mention 
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later, they are Pm/Pa. There is an inclination which the operation value of an inhalation-of-air system model 
vibrates, and hunting generates at the time of heavy load operation changed in the one neighborhood. This 
cause is Pm/Pa. They are [ that the rate of change of f (Pm/Pa) becomes large in the field of the one 
neighborhood, and ] operation top Pm / Pa at the time of heavy load operation. Since f (Pm/Pa) is guarded 
by 0 whenever it becomes one or more, it is because change of f at the time of heavy load operation (Pm/Pa) 
becomes irregular. 

[0014] As this cure, it is f(Pm/Pa) = negative a value, then Pm/Pa like claim 5 at the time of Pm/Pa >1. At 
the time of heavy load operation changed in the one neighborhood, change of f (Pm/Pa) will become 
regular. For this reason, by equalizing the operation value of an inhalation-of-air system model, the 
operation value of the inhalation-of-air system model at the time of heavy load operation can be stabilized, 
and hunting can be prevented. 

[0015] moreover, time delay Tdly of the opening command value delayed with a delay means like claim 6 
Time amount Tinj from the operation timing (prediction timing of the restoration air content in a cylinder) 
of the fuel oil consumption of a certain gas column to the intake valve close timing of the gas colunm 
concerned from ~ it is good to set it as the time amount (Tdly =Tinj-Tth) which deducted the dead time Tth 
of an electronic throttle system. It is the time delay Tdly of an opening command value so that the throttle 
opening of intake valve close timing may be made in agreement with prediction throttle opening, if it does 
in this way. It can set up and the operation of prediction throttle opening becomes easy. 
[0016] In this case, the dead time Tth of an electronic throttle system is the time amount Tinj from the 
operation timing (prediction timing of the restoration air content in a cylinder) of fiiel oil consumption to 
intake valve close timing, although it does not change even if a throttle drive rate changes. It becomes so 
short that an engine speed becomes high rotation. For this reason, at the time of high rotation, it is the time 
amount Tinj from the operation timing of fuel oil consumption to intake valve close timing. There is a 
possibility of becoming shorter than the dead time Tth of an electronic throttle system. 
[0017] This point is taken into consideration and it is the time amount Tinj from the operation timing of ftiel 
oil consumption to intake valve close timing like claim 7. When becoming shorter than the dead time Tth of 
an electronic throttle system, it is good to make it output without delaying an opening command value. If it 
does in this way, while not performing useless throttle delay control at the time of high rotation, the throttle 
responsibility at the time of high rotation can also be raised. 

[0018] Moreover, like claim 8, when an automatic transmission corresponds to either of the neutral 
conditions in the predetermined time immediately after starting at the time of idle operation at the time of 
starting, it is good to make it output without delaying an opening command value. The time of starting, and 
immediately after starting, essentially, since engine rotation is unstable, when throttle delay control by 
which an opening command value is delayed is performed, there is a possibility that engine rotation 
fluctuation may become still larger. Moreover, at the time of idle operation, in order for idle rotational-speed 
control (ISC) to operate and to carry out feedback control of the idle rotational speed, when throttle delay 
control is performed, there is a possibility that idle rotational-speed control may interfere with throttle delay 
control, and idle rotation may become unstable. Moreover, since an operator may perform racing (an engine 
carrying out a fore blow) when an automatic transmission is in a neutral condition, when it is in a neutral 
condition and throttle delay control is performed, the start of an engine speed is overdue at the time of racing 
activation, and there is a possibility that accelerator responsibility and acceleration nature may impress an 
operator with it being bad. 

[0019] Therefore, if it is made not to perform throttle delay control like claim 8 when it is the operational 
status in which the bad influence by throttle delay control appears (at the time [ At the time / At the time of 
starting / of idle operation ] of a neutral), the bad influence by throttle delay control can be lost. 
[0020] Moreover, in case the throttle opening after the delay output of this opening command value is 
predicted like claim 9 using the opening command value before making it delayed with a delay means, it is 
good to predict throttle opening using the electronic throttle model containing the lag unit and rate limiter 
more than primary [ which considers the opening conmiand value before making it delayed as an input ]. 
Although it is generally difficult to carry out physical modeling of this at a precision since an electronic 
throttle system has complicated structure By simulating an electronic throttle system response delay 
property with the lag unit more than primary, and simulating the marginal property of the drive rate of a 
throttle valve by the rate limiter Even if it can build the easy electronic throttle model of data processing and 
does not high-performance-ize especially CPU of an electronic throttle system, the prediction operation of 
throttle opening is attained. 

[0021] Moreover, a throttle opening forecast may shift from an actual value by dispersion in an electronic 
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throttle system, aging, a service condition, etc. Then, the variation of the throttle opening to intake valve 
close timing is predicted using an electronic throttle model, and this variation is added to current throttle 
opening, and you may make it predict the throttle opening of intake valve close timing like claim 10. If it 
does in this way, it will become possible to lessen the throttle opening prediction error by the above- 
mentioned cause, and to predict throttle opening with a sufficient precision, 

[0022] Moreover, in case fuel oil consumption is amended according to operational status, you may make it 
switch the correction factor to fuel oil consumption like claim 1 1 by the time of the load effect by 
accelerator actuation, and the case of being other. That is, since this invention can predict the restoration air 
content in a cylinder with a sufficient precision to the load effect by accelerator actuation, it can lessen 
amendment to fuel oil consumption. However, since the load effect by the time of shifting an automatic 
transmission from a neutral range to a drive range, power steering, a brake, an air-conditioner, etc. cannot be 
predicted from an accelerator control input, it is desirable to make [ many ] amendment to fiiel oil 
consumption to these load effects. 

[0023] Therefore, if the correction factor to fuel oil consxmiption is switched like claim 1 1 by the time of the 
load effect by accelerator actuation, and the case of being other, amendment of fixel oil consumption can be 
rationalized according to the cause of a load effect. 

[0024] Although invention concerning claims 1-11 explained above was made to perform throttle delay 
control, based on the opening command value and electronic throttle system response delay property which 
were calculated based on the accelerator control input etc., the throttle opening of intake valve close timing 
is predicted, and you may make it predict the restoration air content in a cylinder like claim 12 based on this 
throttle opening, without performing throttle delay control. Even if such, it can become possible to predict 
throttle opening using the dead time of an electronic throttle system, and to predict the restoration air content 
in a cylinder with a sufficient precision from the prediction throttle opening, and the Air Fuel Ratio Control 
precision of a transient can be raised. 

[0025] It is good to add to the restoration air content in a base cylinder which predicted the variation (a part 
for transient change) of the restoration air content in a cylinder to intake valve close timing like claim 13 
based on prediction throttle opening, and calculated this variation also in this case based on the current 
operation parameter, and to predict the restoration air content in a cylinder. If it does in this way, it will 
become possible to predict the restoration air content in a cylinder with a sufficient precision by both the 
time of a stationary, and the transient. 

[0026] Although claims 1-13 explained above apply this invention to an internal combustion engine with an 
electronic throttle system In the case of the mechanical throttle system which interlocks throttle opening 
with accelerator actuation mechanically Like claim 14, while calculating the restoration air content in a base 
cylinder based on a current operation parameter The inhalation-of-air system model which considers that 
throttle opening is an orifice and calculates a throttle passage air content from current throttle opening etc. is 
used. Based on the variation of the output of this inhalation-of-air system model, the variation of the 
restoration air content in a cylinder to intake valve close timing is predicted, this variation is added to the 
restoration air content in a base cylinder, the restoration air content in a cylinder is predicted, and you may 
make it calculate fuel oil consumption based on this restoration air content in a cylinder. Also in the case of 
a mechanical throttle system, if it does in this way, the operation precision of the restoration air content in a 
cylinder can be raised conventionally, and the Air Fuel Ratio Control precision of a transient can be raised. 
[0027] Moreover, although the inhalation-of-air system model which calculates the restoration air content in 
a cylinder from throttle opening was used in above-mentioned claims 1-14, when using the inhalation-of-air 
system model which calculates the restoration air content in a cyhnder from the output (inhalation air 
content) of an intake-air-flow detection means (air flow meter), it is good like claim 15 for air content 
change to actually set the time constant of an inhalation-of-air system model as a small value also for a twist 
so that it may appear at an early stage. Thus, if the time constant of an inhalation-of-air system model is 
made small, the effectiveness same since change of the restoration air content in a cylinder calculated with 
the inhalation-of-air system model actually appears at an early stage also in a twist as predicting the future 
restoration air content in a cylinder will be acquired. Thereby, the operation precision of the restoration air 
content in a cylinder of a transient can be raised conventionally, and the Air Fuel Ratio Control precision of 
a transient can be raised. 

[0028] By the way, at claim 2 and claim 13 which were mentioned above, although the variation of the 
restoration air content in a cylinder to intake valve close timing was predicted based on prediction throttle 
opening, since operation parameters, such as engine rotational speed, change after predicting the variation of 
the restoration air content in a cylinder based on prediction throttle opening before [ intake valve close 
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timing ], the predictability of the restoration air content in a cylinder falls to a transient under the effect. 
[0029] As this cure, like claim 16, while presuming the current restoration air content in a cylinder based on 
current throttle opening Predict future throttle opening and the future restoration air content in a cylinder is 
predicted based on future throttle opening. The deflection (equivalent to the prediction variation of the 
restoration air content in a cylinder) of said future restoration air content in a cylinder, and said current 
restoration air content in a cylinder It adds to the restoration air content in a base cylinder calculated based 
on the current operation parameter, the final restoration air content in a prediction cylinder is calculated, and 
you may make it calculate fuel oil consumption based on this final restoration air content in a prediction 
cylinder. If it does in this way, the prediction variation of the restoration air content in a cylinder can be 
calculated with a sufficient precision from deflection with the restoration air content in a cylinder by which 
the present was presumed to be a future restoration air content in a cylinder, and the predictability of the 
restoration air content in a cylinder can be improved. Because, the ciurent restoration air content in a 
presumed cylinder is because information, such as the newest engine speed, is taken into consideration. (In 
claim 2 grade, it is the variation of the forecast of the restoration air content in a cylinder, and the value 
which becomes origin is calculated in the past.) 
[0030] 

[Embodiment of the Invention] «operation gestalt (1)» The operation gestalt (1) of this invention is 
hereafter explained based on drawin g 1 thru/or d rawing 19 . 

[0031] First, based on drawin g 1 , the outline configuration of the whole control system of the engine 1 1 
which is an internal combustion engine is explained. The upstream of the inlet pipe 12 of an engine 1 1 is 
equipped with an air cleaner 1 3, and the air flow meter 14 which measures an inhalation air content is 
installed in the downstream. The supply current to a heat ray is controlled so that this air flow meter 14 
keeps constant the temperature gradient of the temperature of a heat ray and the intake-air temperature 
which the heat ray (not shown) and intake-air-temperature sensing element (not shown) which are arranged 
in the flow of inhalation air are built in, and are cooled with inhalation air. According to the heat release of a 
heat ray which changes according to an intake air flow, the supply current to a heat ray changes by this, and 
the voltage signal according to this supply current is outputted as an intake-air-flow signal. 
[0032] A throttle valve 15 is formed in the downstream of this air flow meter 14, and the motors 17 (throttle 
actuator), such as a DC motor, are connected with rotation shaft 15a of this throttle valve 15. And the 
opening (throttle opening) of a throttle valve 15 is controlled by driving force of this motor 17, and this 
throttle opening is detected by the throttle opening sensor 18. 

[0033] In this case, throttle opening is controlled by driving force of a motor 17, the inhalation air content at 
the time of idle operation is controlled by it also at the time of idle operation, and it carries out feedback 
control so that an engine speed may be made in agreement with target idle rotational speed. The throttle 
control at the time of this idle operation is idle rotational- speed control (ISC). In addition, idle rotational- 
speed control prepares an idle rotational-speed control bulb (ISC bulb) in the bypass path which bypasses a 
throttle valve 1 5, and it controls the opening of this idle rotational-speed control bulb, and you may make it 
control a bypass air content (inhalation air content at the time of idle operation) at the time of idle operation. 

[0034] On the other hand, the intake-pressure sensor 16 which detects an intake pressure is installed in the 
downstream of a throttle valve 15. Moreover, a fuel injection valve 20 is attached in the inlet manifold 19 
which introduces into each gas column of an engine 1 1 the inhalation air which passed the throttle valve 1 5, 
and the ignition plug 21 is attached in the cylinder head of each gas column of an engine 11. The periphery 
of the signal rotor 23 attached in the crankshaft 22 of an engine 1 1 is countered, the crank angle sensor 24 is 
installed, the pulse of the engine rotation speed signal Ne outputted from this crank angle sensor 24 is 
incorporated by the electronic control unit (ECU) 25, and an engine speed is detected by the generating 
frequency of this engine rotation speed signal Ne. 

[0035] On the other hand, the amount of treading in of an accelerator pedal 26 (accelerator control input) is 
detected by the accelerator sensor 27, and the voltage signal according to this accelerator control input is 
incorporated by the electronic control unit 25 through AID converter 28. Moreover, the output of an air flow 
meter 14, the intake-pressure sensor 16, and the various sensors of throttle opening sensor 18 grade is also 
incorporated by the electronic control unit 25 through A/D converter 28. 

[0036] It is performing the various programs for throttle control which this electronic control imit's 25 is 
constituted considering the microcomputer equipped with CPU29, ROM30, and RAM31 grade as a subject, 
and are memorized by ROM30 by CPU29. At the time of the usual throttle control, feedback control of the 
motor 17 is carried out by PID control etc. through the motorised circuit 32 according to the opening 
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command value (target throttle opening) set up based on the accelerator control input etc. Throttle opening 
is controlled by driving force of this motor 17 to an opening command value. In addition, all over the 
energization way from the motorised circuit 32 to a motor 17, the safety circuit 46 which consists of a relay 
etc. is formed, at the time of the abnormalities of an electronic throttle system, this safety circuit 46 operates 
and the energization to a motor 1 7 is intercepted. 

[0037] Furthermore, this electronic control unit 25 is performing each routine of drawin g 10 memorized by 
ROM30 thru/or drawi ng 1 8 by CPU29. While performing throttle delay control mentioned later, the throttle 
opening of intake valve close timing (definite timing of the restoration air content in a cylinder) is predicted. 
TTie restoration air content in a cylinder is predicted based on the prediction throttle opening, fiiel oil 
consumption is calculated based on the restoration air content in a prediction cylinder, the injection pulse of 
the pulse width according to the result of an operation is outputted to the drive circuit 45, and the injection 
time (fiiel oil consumption) of a fuel injection valve 20 is controlled. 

[0038] The operation approach of the fiiel oil consumption by this electronic control unit 25 is explained 
based on drawing 2 thru/or drawing _9_ . Drawing 2 is the block diagram showing the outline of the prediction 
approach of throttle delay control and the restoration air content in a cylinder. During engine operation, an 
accelerator control input is detected by the accelerator sensor 27, and an opening command value (target 
throttle opening) is set up by the map etc. according to an accelerator control input etc. with an opening 
command value operation means. This opening command value is predetermined time Tdly with a delay 
means. It is delayed and is outputted to the motorised circuit 32 of an electronic throttle system, time delay 
Tdly of this opening command value it is shown in drawin g 3 ~ as ~ time amount Tinj fi*om the operation 
timing (prediction timing of the restoration air content in a cylinder) of the fuel oil consumption TAU of a 
certain gas column to the intake valve close timing of the gas colunm concerned from — it is set as the time 
amount (Tdly =Tinj-Tth) which deducted the dead time Tth of an electronic throttle system. 
[0039] In this case, the dead time Tth of an electronic throttle system is the time amount Tinj from the 
operation timing (prediction timing of the restoration air content in a cylinder) of fuel oil consumption TAU 
to intake valve close timing, although it does not change even if a throttle drive rate changes. It becomes so 
short that an engine speed becomes high rotation. For this reason, at the time of high rotation, it is the time 
amount Tinj from the operation timing of fuel oil consumption to intake valve close timing. There is a 
possibility of becoming shorter than the dead time Tth of an electronic throttle system. 
[0040] This point is taken into consideration and it is the time amount Tinj jfrom the operation timing of fuel 
oil consumption TAU to intake valve close timing at this operation gestalt (1). When becoming shorter than 
the dead time Tth of an electronic throttle system, it outputs without delaying an opening command value. 
[0041] Opening command value phitotal before making it delayed with a delay means on the other hand It is 
inputted into an electronic throttle model. This electronic throttle model consists of the electronic throttle 
dynamic-model section and variation operation part, as shown in drawin g 4 . while this electronic throttle 
dynamic-model section simulates an electronic throttle system response delay property with a second-order 
lag element [omega2/(s2+2 zetaomegas+omega 2)] ~ the marginal property of the drive rate of a throttle 
valve 15 — a rate limiter — simulating — opening command value phitotal before delay from — prediction 
throttle opening thetaf It calculates. Two integral elements (l-/s) of a second-order lag element are rectangle 
integrals. In addition, in order to simplify data processing, it may replace with a second-order lag element, 
and a first order lag element may be used. 

[0042] Moreover, the variation operation part of an electronic throttle model consists of a derivative element 
(d/dt) and an integral element (integral), is a derivative element (d/dt), and is the sampling time Ts of the 
output (prediction throttle opening) of the electronic throttle dynamic-model section. It asks for the 
difference of a between, and it is integrating an integral element (integral) with this difference, and 
prediction variation deltatheta of throttle opening is calculated. Under the present circumstances, the time 
amount which integrates an integral element (integral) with difference is the time amount Tinj from the 
operation timing (prediction timing of the restoration air content in a cylinder) of fuel oil consumption TAU 
to intake valve close timing. It is the larger one of the dead time Tth of an electronic throttle system. 
Thereby, prediction variation deltatheta of the throttle opening outputted from variation operation part 
becomes die prediction variation of the throttle opening to intake valve close timing (or after dead-time Tth 
progress). 

[0043] An electronic throttle model adds prediction variation deltatheta of the throttle opening outputted 
from variation operation part to the current throttle opening theta (output of the throttle opening sensor 1 8), 
and is prediction throttle opening thetaf of intake valve close timing (or after dead-time Tth progress). It 
asks and is this prediction throttle opening thetaf. It outputs to an inhalation-of-air system model. 
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[0044] As this inhalation-of-air system model is shown in drawing 5 , it consists of prediction throttle 
passage air content operation part, prediction intake-pressure operation part, and the restoration air content 
operation part in a prediction cylinder, and prediction throttle passage air content operation part considers 
that throttle opening which inhalation air passes is an orifice, and calculates the prediction throttle passage 
air content Gin from prediction throttle opening etc. moreover, prediction intake-pressure operation part — 
the prediction throttle passage air content Gin to prediction intake pressure Pm calculating ~ the restoration 
air content operation part in a prediction cylinder — prediction intake pressure Pm from ~ the restoration air 
content Gcf in a prediction cylinder is calculated. Prediction throttle passage air content operation part is 
expressed with the formula of the following orifice. 
[0045] 
[Equation 3] 

Gin = ici • A • • f (Pm/Pa) (1) 



Gin : ;^t3^h/loi]|iS^fi[kg/86c] 
n : 

Pa : *jajECPa] 

Pm : «»ff[Pa] 

R : 

T : StfSimALKl 
jcr«(l-cosa0) —-(2) 

r : ;^i3jyh/PyVW:/«>4^[m] 

0 : :*cis/hyP5BfS 



.<PWF«-y-^{(^)-i^-{^)^} --<4> 



[0046] Here, f (Pm/Pa) is Pm/Pa, in order to simplify data processing, although you may calculate by the 
upper type. It is good to compute from the table made into a parameter. The table of f (Pm/Pa) is expressed 
with a curve as shown in drawin g 6 when maximum is normalized as 1 . Since this f (Pm/Pa) does not 
become a negative value physically so that clearly from the above-mentioned (3) formula and (4) types, it 
has been set as f(Pm/Pa) = 0 in the example of drawing.6 at the time of Pm/Pa>L 

[0047] However, when it is made f(Pm/Pa) = 0 at the time of Pm/Pa >1 , there is an inclination which the 
operation value (the throttle passage air content Gin, the prediction intake pressure Pm, and restoration air 
content Gcf in a prediction cylinder) of an inhalation-of-air system model vibrates, and hunting generates at 
the time of heavy load operation to which Pm/Pa is changed in the one neighborhood as shown in draw ing 
8 . This cause is Pm/Pa. Since f (Pm/Pa) is guarded by 0 whenever Pm/Pa becomes one or more on an 
operation at the time of heavy load operation for the rate of change of f (Pm/Pa) to become large in the field 
of the one neighborhood, it is because change of f at the time of heavy load operation (Pm/Pa) becomes 
irregular. 

[0048] As this cure, with this operation gestalt (1), the table of f (Pm/Pa) is set up, as shown in drawing 7 . 
That is, it is set as an f(Pm/Pa) = negative value at the time of f(Pm/Pa) =OPm/Pa >1 at the time of f(Pm/Pa) 
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= forward value Pm/Pa =1 at the time of Pm/Pa <1 . Thereby, the table of f (Pm/Pa) serves as a symmetrical 
change property which ** reverses bordering on Pm/Pa =1. 

[0049] If the table of f (Pm/Pa) of a change property like drawin g 7 is used, change of f (Pm/Pa) will 
become regular at the time of heavy load operation to which Pm/Pa is changed in the one neighborhood. For 
this reason, by equalizing the operation value (the throttle passage air content Gin, the prediction intake 
pressure Pm, or restoration air content Gcf in a prediction cylinder) of an inhalation-of-air system model, as 
shown in drawing .9 , the output (restoration air content Gcf in a prediction cylinder) of the inhalation-of-air 
system model at the time of heavy load operation can be stabilized, and hunting can be prevented. 
[0050] Intake pressure Pm inputted into prediction throttle passage air content operation part Although the 
last prediction intake pressure Pm (i-1) calculated by prediction intake-pressure operation part is used, you 
may make it use the output of the intake-pressure sensor 16. 

[0051] Moreover, with this operation gestalt (1), although the throttle opening effective sectional area A 
used for the operation of the prediction throttle passage air content Gin may compute the throttle opening 
theta by substituting it for the aforementioned (2) formula, in order to simplify data processing, 
multiplication value mu-A of a flow coefficient mu and the throttle opening effective sectional area A is 
computed from the table which makes prediction throttle opening a parameter. 

[0052] Next, prediction intake pressure Pm The operation approach of the restoration air content Gcf in a 
prediction cylinder is explained. If the law of conservation of mass is applied to the flow of the inhalation air 
which flows the inhalation-of-air path (henceforth a "throttle down-stream inhalation-of-air path") from a 
throttle valve 15 to the inlet of an engine 11, the relation expressed with the following (5) types will be 
obtained. 

d/dt-Qm =Gin-Gcf .... (5) 

Here, it is Qm. The air content in a throttle down-stream inhalation-of-air path, and d/dt-Qm A prediction 
throttle passage air content and Gcf of the variation of the air content in a throttle down-stream inhalation- 
of-air path and Gin are the restoration air contents in a prediction cylinder. 

[0053] Moreover, if a gaseous equation of state is applied to a throttle down-stream inhalation-of-air path, 
the relation expressed to the following (6) equations will be obtained. 
Gcf^eta -(Ne/2) -Vc - (Qm/VIM) .... (6) 

eta: Volumetric efficiency Ne : Engine speed Vc : Cylinder-capacity VIM: Content volume of a throttle 
down-stream inhalation-of-air path [0054] Here, volumetric efficiency eta is the engine speed Ne which is a 
parameter with an intake air flow and a correlation in order to change with intake air flows. Intake pressure 
Pm It is based and is set up on a map etc. Pm used here It is the last value Pm of a prediction intake pressure 
(i-D- 

Eta=f(Neand Pm) 

[0055] Moreover, model time constant tauIM of an inhalation-of-air system model is expressed with the 
following (7) types. 

tauIM=2andVIM/(Vc and eta-Ne ) .... (7) 

The following (8) types are drawn from the above-mentioned (5) - (7) type. 
d/dt-Qm =Gin-Qm/tauIM .... (8) 

[0056] The above-mentioned (8) formula is discretized as follows, in order to be able to carry out data 
processing of this with an electronic control unit 25, since it is continuous system. 
{Qm(i)-Om(i-l)}/Ts =Gin(i) -Qm(i-l)/tauIM .... (9) 
Here, it is Ts. It is the sampling time. 

[0057] If this (9) type is arranged, it is the air content Qm in a throttle down-stream inhalation-of-air path. 

Operation expression is drawn as follows. 

Qm(i) ={Gin (i)-Qm(i-l)/tauIM} and Ts+Qm (i-1) [kg] 

.... (10) 

[0058] moreover — if a gaseous equation of state is applied to a throttle down-stream inhalation-of-air path - 
- air content Qm in a throttle down-stream inhalation-of-air path from — prediction intake pressure Pm The 
equation to calculate is drawn as follows. 
Pm =Qm and R-T/VIM [Pa] .... (11) 

R: Gas constant T : the above-mentioned (10) formula and (11) types are used for the prediction intake- 
pressure operation part of an intake-air-temperature inhalation-of-air system model, and it is the prediction 
intake pressure Pm. It calculates. 

[0059] The operation expression of the restoration air content Gcf in a prediction cylinder expressed with 
the following (12) types is drawn from the above-mentioned (11) formula and (6) types. 
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Gcf=eta-Vc -Pm/(2 and R-T) [kg/rev] .... (12) 

The restoration air content operation part in a prediction cylinder of an inhalation-of-air system model 
calculates the temporary restoration air content Gcf in a prediction cylinder using the above-mentioned (12) 
formula. 

[0060] As shown in drawin g 2 , it is inputted into a derivative element (d/dt), the difference between the 
sampling times ts is called for, and the difference integrates an integral element (integral) with the output 
(temporary restoration air content Gcf in a prediction cylinder) of an inhalation-of-air system model, the 
reset time — time amount Tinj from the operation timing (prediction timing of the restoration air content in a 
cylinder) of fuel oil consumption TAU to intake valve close timing it is . The value with which the integral 
element (integral) was integrated is prediction variation deltaGc of the restoration air content in a cylinder to 
intake valve close timing. It becomes a value considerable the bottom and is this prediction variation 
deltaGc. It adds to the restoration air content Gbase in a base cylinder calculated with the base inhalation-of- 
air system model, and the final restoration air content Gc (restoration air content in a cylinder decided to 
intake valve close timing) in a prediction cylinder is calculated. 

[0061] Next, the operation approach of the restoration air content in a base cylinder is explained. This 
restoration air content in a base cylinder is a current restoration air content in a cylinder calculated based on 
the output (intake air flow) of an air flow meter 14. Therefore, the variation of the restoration air content in a 
cylinder by change of the throttle opening from current to intake valve close timing (defmite timing of the 
restoration air content in a cylinder) is not contained in this restoration air content in a base cylinder. 
Although there is an advantage that the operation precision of the restoration air content in a cylinder at the 
time of a stationary is good since the method of calculating the restoration air content in a cylinder generally 
serves as a restoration air content in an intake-air-flow = cylinder from the output of an air flow meter 14 at 
the time of a stationary Since the response delay (for example, response delay according [ the case of the air 
flow meter 14 of a heat type ] to the own heat mass of the sensor section of an air flow meter 14) of an air 
flow meter 1 4 exists, a transient has the fault that the responsibility of a transient is bad. 
[0062] So, with this operation gestalt (1), in order to raise the responsibility of a transient, the response 
delay of the output of an air flow meter 14 is compensated with a response delay compensator (phase-lead- 
compensation element), the output of this response delay compensator is inputted into a base inhalation-of- 
air system model, and the restoration air content Gbase in a base cyUnder which is the output of this base 
inhalation-of-air system model is calculated. The transfer function of this base inhalation-of-air system 
model is expressed with the following first-order-lag type. 

Gbase=l/(l+tauIM-s), output tauIM of the restoration air-content Gdlayiresponse delay compensator in a 
GdlayGbaseibase cylinder: Time constant [0063] Time constant tauIM of this base inhalation-of-air system 
model is expressed with a degree type. 
tauIM=2andVIM/(Vc and eta-Ne ) 

content volume Vc of the inhalation-of-air path of the VIMrthrottle downstream : cylinder capacity eta: — 
volumetric efficiency Ne : an engine speed — engine speed Ne which is a parameter with an intake air flow 
and a correlation here since volumetric efficiency eta changes with intake air flows Based on an intake 
pressure P (output of the intake-pressure sensor 16), it is set up on a map etc. 

[0064] Prediction variation deltaGc of the restoration air content Gbase in a base cylinder calculated with 
such a base inhalation-of-air system model, and the restoration air content in a cylinder calculated from 
prediction throttle opening etc. It integrates, the final restoration air content Gc (restoration air content in a 
cylinder decided to intake valve close timing) in a prediction cylinder is calculated, and it is this restoration 
air content Gc in a prediction cylinder. Fuel oil consumption is set up according to an engine speed etc. 
[0065] The function of each block of drawing „2 explained above is realized by each routine of drawing 10 
thru/or diawjng J S . Hereafter, the contents of processing of each routine are explained to a detail. 
[0066] The main routine of [main routine] drawing 10 is performed a predetermined period after ON of an 
ignition switch. Opening command value phitotal set up according to the accelerator control input etc. when 
this routine was started, the throttle delay control routine of drawing 1 1 mentioned later was performed at 
step 100 and the execution condition of throttle delay control was satisfied first Predetermined time Tdly 
Throttle delay control to delay is performed. Then, the restoration air content operation routine in a 
prediction cylinder of drawin g 12 which progresses to step 200 and is mentioned later is performed, and the 
restoration air content Gc (restoration air content in a cylinder decided to intake valve close timing) in a 
prediction cylinder is calculated. 

[0067] Then, it progresses to step 300, a basic injection-quantity operation routine (not shown) is performed, 
and it is the restoration air content Gc in a prediction cylinder. Engine speed Ne It responds and is the basic 
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injection quantity Tp by a map etc. It calculates. Then, it is the basic injection quantity Tp about various 
kinds of correction factors Kc, such as the fuel correction factor [ as opposed to / perform the injection- 
quantity amendment routine of drawing J . 8 which progresses to step 400 and is mentioned later, and / a load 
effect ] Kload (acceleration-and-deceleration correction factor), an air-fuel ratio feedback correction factor, 
and a water temperature correction factor. Multiplication is carried out and final fuel oil consumption is 
calculated. 

[0068] The throttle delay control routine of [throttle delay control-routme] drawing 1 1 is a subroutine 
performed at step 100 of the main routine of drawing 10 . If this routine is started, fu-st, it responds to an 
accelerator control input (output of the accelerator sensor 27) etc. at step 101, and is opening command 
value phitotal. It sets up. under the present circumstances, opening command value phitotal Demand 
opening phipedal according to an accelerator control input Demand opening phiisc by idle rotational-speed 
control (ISC) etc, — it integrates and asks for various demand opening. 

phitotal =phipedal+phiisc [0069] Processing of this step 101 plays a role of an opening command value 
operation means as used in the field of a claim. 

[0070] Then, it progresses to step 102 and judges whether throttle delay control prohibition conditions are 
satisfied, it is that the time of that it is predetermined within a time [ irmnediately after the time of ** 
starting or starting ] as throttle delay control prohibition conditions here, for example and ** idle operation 
or an accelerator control input is small, that ** automatic transmission is in a neutral condition, etc., if there 
are conditions which correspond at least one of these conditions, throttle delay control prohibition 
conditions will be satisfied, and when other, throttle delay control prohibition conditions become abortive. 
[0071] The time of starting, and immediately after starting, since engine rotation is unstable, when throttle 
delay control is performed essentially, there is a possibiUty that engine rotation fluctuation may become still 
larger. Moreover, at the time of idle operation, in order for idle rotational-speed control (ISC) to operate and 
to carry out feedback control of the idle rotational speed, when throttle delay control is performed, there is a 
possibility that idle rotational-speed control may interfere with throttle delay control, and idle rotation may 
become unstable. Moreover, since an operator may perform racing (an engine carrying out a fore blow) 
when an automatic transmission is in a neutral condition, when it is in a neutral condition and throttle delay 
control is performed, the start of an engine speed is overdue at the time of racing activation, and there is a 
possibility that accelerator responsibility and acceleration nature may impress an operator with it being bad. 
[0072] So, with this operation gestalt (1), the bad influence by throttle delay control is lost by forbidding 
throttle delay control, when it is the operational status in which the bad influence by throttle delay control 
appears (at the time [ At the at the time of idle operation immediately after starting ] of a neutral). [ At the 
time of starting ] 

[0073] If judged with throttle delay control prohibition conditions being satisfied at step 102, throttle delay 
control will be forbidden, and it will progress to step 103, and will output to the motorised circuit 32, 
without delaying current (newest) opening command value phitotal (i). 

[0074] On the other hand, at step 102, if judged with throttle delay control prohibition conditions being 
abortive, throttle delay control will be carried out as follows by processing after step 104. First, it is opening 
command value phitotal at step 104. Time delay Tdly It determines, under the present circumstances, time 
delay Tdly it is shown in draw ing 3 — as — time amount Tinj from the operation timing (prediction timing of 
the restoration air content in a cylinder) of fuel oil consumption TAU to intake valve close timing from ~ it 
is set as the time amount (Tdly =Tinj-Tth) which deducted the dead time Tth of an electronic throttle 
system. However, time amount Tinj from the operation timing of fuel oil consumption TAU to intake valve 
close timing When becoming shorter than a dead time Tth (in the case of Tinj-Tth<0), it is a time delay 
Tdly. It is referred to as 0. 

[0075] Then, it progresses to step 105 and is a time delay Tdly. The inner number Cdly of samplings It 

calculates by the degree type. 

Cdly =Tdly / Ts ~ here ~ Ts It is the sampling time. 

[0076] Then, it progresses to step 106 and is a time delay Tdly fi'om current. The inner number Cdly of 
samplings Opening command value phitotal (i-Cdly) calculated before is outputted to the motorised circuit 
32. thereby — opening command value phitotal output timing ~ time delay Tdly only — you make it delayed 
Processing of these steps 102-106 plays a role of a delay means as used in the field of a claim. 
[0077] The restoration air content operation routine in a prediction cylinder of [restoration air content 
operation routine in prediction cylinder] drawing 12 R> 2 is a subroutine performed at step 200 of the main 
routine of dr awin g 1 1 , and plays a role of a restoration air content operation means in a prediction cylinder 
as used in the field of a claim. 
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[0078] If this routine is started, first, at step 201, the prediction intake-pressure operation routine of drawing 

13 mentioned later will be performed, and the prediction intake pressure Pm (intake pressure of intake valve 
close timing) will be calculated. Then, it progresses to step 202 and is the prediction intake pressure Pm. It 
uses and is the restoration air content Gcf in a prediction cylinder (i) by the degree type. It calculates. 

Gcf (i) = eta-Vc -Pm/(2 and R-T) [kg/rev] 

eta: Volumetric efficiency Vc : Cylinder-capacity R:gas constant T: Intake-air temperature [0079] Then, it 
progresses to step 203 and judges whether throttle delay control prohibition conditions are satisfied by the 
same approach as step 102 of drawin g 1 1 . It progresses to step 204 from step 203, without carrying out 
throttle delay control, when throttle delay control prohibition conditions are satisfied, and is prediction 
variation deltaGc of the restoration air content in a cylinder from the operation timing of fixel oil 
consumption to intake valve close timing. It is set as 0. 

[0080] On the other hand, when throttle delay control prohibition conditions are abortive, throttle delay 
control is carried out by the throttle delay control routine of drawin g 1 1 , and it progresses to step 205 from 
step 203, and is the prediction time amount Tinj. The inner number Cp of samplings It calculates by the 
degree type. 

Cp =Tinj / Ts — here — prediction time amount Tinj the time amount from the operation timing of fuel oil 
consumption to intake valve close timing ~ it is ~ Ts It is the sampling time. 

[0081] Then, it progresses to step 206 and is prediction variation dehaGc of the restoration air content Gcf 
in a cylinder from the operation timing of fuel oil consumption to intake valve close timing. It calculates by 
the degree type. 

deltaGc = ~ Gcf (i) -Gcf (i-Cp) — here — Gcf (i) this restoration air content in a prediction cylinder (that is, 
restoration air content in a prediction cylinder of the operation timing of intake valve close timing) — it is — 
Gcf (i-Cp) — current — prediction time amoimt Tinj The inner number Cp of samplings It is the restoration 
air content in a cylinder (that is, restoration air content in a cylinder of the operation timing of fuel oil 
consumption) calculated before. 

[0082] Prediction variation dehaGc It progresses to step 207 after an operation, the restoration air content 
operation routine in a base cylinder (not shown) is performed, and the restoration air content Gbase in a base 
cylinder is calculated. Under the present circumstances, the response delay of the output of an air flow meter 

14 is compensated with a response delay compensator (phase-lead-compensation element), and the 
restoration air content Gbase in a base cylinder is calculated with the following transfer function using the 
output Gdlay of this response delay compensator. 

Gbase=l/and (l+tauIM-s), and Gdlay - here, tauIM is a time constant. Although the operation expression of 
the restoration air content in a base cylinder is expressed with the continuous system in order that an upper 
type may simplify explanation, an electronic control imit 25 calculates the restoration air content Gbase in a 
base cylinder using the formula discretized in the upper type. 

[0083] Then, prediction variation deltaGc for which progressed to step 208 and this restoration air content 
Gbase in a base cylinder was asked at the above-mentioned step 206 It adds and is the final restoration air 
content Gc in a prediction cylinder. It asks. 

Gc = Gbase+delta Gc [0084] The prediction intake-pressure operation routine of [prediction intake-pressure 
operation routine] drawing 13 is a subroutine performed at step 201 of the restoration air content operation 
routine in a prediction cylinder of dra wing 12 . If this routine is started, first, at step 21 1, the prediction 
throttle passage air content operation routine of drawing 14 mentioned later will be performed, and the 
prediction throttle passage air content Gin will be calculated. Then, the inhalation-of-air system model time 
constant operation routine of drawing 16 R> 6 which progresses to step 212 and is mentioned later is 
performed, and model time constant tauIM of an inhalation-of-air system model is calculated. Then, it 
progresses to step 213 and is the air content Qm in a throttle down-stream inhalation-of-air path. It 
calculates by the degree type. 

Qm(i) ={Gin (i)-Qm(i-l)/tauIM} and Ts+Qm (i-1) - here -- Qm (i) - the air content in this throttle down- 
stream inhalation-of-air path, the air content in the throttle down-stream inhalation-of-air path of last time 
[ Qm / (i-1) ], and Ts It is the sampling time. 

[0085] then, the step 214 - progressing - air content Qm in a throttle down-stream inhalation-of-air path 
from — prediction intake pressure Pm It calculates by the degree type. 

Pm =Qm and R-TA^IM -- here, R is [ an intake-air temperatiu-e and VIM of a gas constant and T ] the 
content volume of a throttle down-stream inhalation-of-air path. 

[0086] Then, it is the prediction intake pressure Pm by progressing to step 215 and computing the average of 
this prediction intake pressure Pm (i) and the last prediction intake pressxu-e Pm (i-1). It equalizes. 
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Pm (i) = {Pm(i)+Pm (i-l)}/2 [0087] The prediction throttle passage au" content operation routine of 
[prediction throttle passage air content operation routine] drawin g 14 is a subroutine performed at step 211 
of the prediction intake-pressure operation routine of drawin g 13 . If this routine is started, the prediction 
throttle opening operation routine of drawing 15 mentioned later is first performed at step 221, and it is 
prediction throttle opening thetaf of intake valve close timing. It calculates. Then, it progresses to step 222 
and atmospheric pressure Pa, an intake-air temperature T, and the last prediction intake pressure Pm (i-1) are 
read. 

[0088] Then, it progresses to step 223 and the prediction throttle passage air content Gin is calculated by the 

degree type. 

[0089] 



Gin = ^1 . A • 


• f(Pm/Pa) 






Gin : 




It : 


mmmc 


A : 




Pa : 


*ftflE[Pa] 


Pm : 


««BE[Pa] 


R : 




T : 




f(Pm/Pa) : 





[0090] Under the present circumstances, mu-A is prediction throttle opening thetaf. Computing from the 
table made into a parameter, f (Pm/Pa) is Pm/Pa. It computes from the table of drawin g 7 made into a 
parameter. Intake pressure Pm The last prediction intake pressure Pm (i-1) is used, and, as for atmospheric 
pressure Pa and an intake-air temperature T, the detection value of a sensor is used, respectively. In addition, 
atmospheric pressure Pa A standard atmosphere (fixed value) may be used, 

[0091] The prediction throttle opening operation routine of [prediction throttle opening operation routine] 
di:awing .I5 R> 5 is a subroutine performed at step 221 of the prediction throttle passage air content 
operation routine of drawing 14 , and plays a role of a prediction throttle opening operation as used in the 
field of a claim. 

[0092] If this routine is started, first, it responds to an accelerator control input etc. at step 231, and is 
opening command value phitotal. It sets up. under the present circumstances, opening command value 
phitotal Demand opening phipedal according to an accelerator control input Demand opening phiisc by idle 
rotational-speed control (ISC) etc. ~ it integrates and asks for various demand opening, 
phitotal =phipedal+phiisc [0093] Then, it is opening command value phitotal before delay by the electronic 
throttle dynamic-model section and variation operation part of the electronic throttle model which 
progresses to step 232, progresses to step 233 after reading the present throttle opening theta detected by the 
throttle opening sensor 1 8, and is shown in dr awing 4 , It uses and prediction variation deltatheta of throttle 
opening is calculated. This prediction variation deltatheta is the time amount Tinj from the operation timing 
(prediction timing of the restoration air content in a cylinder) of fiiel oil consumption TAU to intake valve 
close timing. It is the prediction variation of throttle opening. However, time amount Tinj to intake valve 
close timing When shorter than the dead time Tth of an electronic throttle system, prediction variation 
deltatheta of the throttle opening within this dead time Tth is called for. 

[0094] Then, it progresses to step 234, prediction variation deltatheta is added to the current throttle opening 
theta, and it is prediction throttle opening thetaf. It asks. 

thetaf = theta+delta theta ~ this prediction throttle opening thetaf It is the prediction throttle opening of 
intake valve close timing (or after dead-time Tth progress). 

[0095] The inhalation-of-air system model time constant operation routine of [inhalation-of-air system 
model time constant operation routine] drawin g 16 R> 6 is a subroutine performed at step 212 of the 
prediction intake-pressure operation routine of drawing 13 . If this routine is started, first, at step 241, the 
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volumetric-efficiency operation routine of draw ing 17 mentioned later will be performed, and volumetric 
efficiency eta will be calculated. Then, it progresses to step 242 and model time constant tauIM is calculated 
by the degree type. 

tauIM=2andVIM/(eta-Ne [ VC and ]/60) 

Here, VIM is the content volume (fixed value) of a throttle down-stream inhalation-of-air path, and VC. 
Cylinder capacity (fixed value) and Ne It is an engine speed (rpm). 

[0096] The volumetric-efficiency operation routine of [volumetric-efficiency operation routine] drawing 17 
is a subroutine performed at step 241 of the inhalation-of-air system model time constant operation routine 
of drawing 16 . Starting of this routine first reads the last intake pressure Pm (i-1) and the last atmospheric 
pressure Pa, an intake-air temperature T, an engine speed Ne, valve timing WT, and the cooling water 
temperature THW at step 151. Then, gleba product effectiveness etar progress to step 152, search the 
volumetric-efficiency map which makes a parameter Pm/Pa, an engine speed Ne, and valve timing WT, 
and corresponding to the current engine operation condition It calculates and is this gleba product 
effectiveness etar. It amends with the correction value according to the cooling water temperature THW, and 
volumetric efficiency eta is searched for. 

[0097] The injection-quantity amendment routine of [injection-quantity amendment routine] draw ing 18 is a 
subroutine performed at step 400 of the main routine of drawing 10 , and plays a role of a fuel-oil- 
consumption operation means as used in the field of [ routine / (not shown) / basic injection-quantity 
operation ] a claim. 

[0098] a ****** [ whether it is a load effect (fluctuation of the restoration air content in a cylinder) by 
accelerator actuation at step 401, and that for example, an accelerator control input is beyond the set point 
first when this routine is started ] - or it judges by whether the variation of an accelerator control input is 
beyond the set point. It is the small value Kl about the fuel correction factor [ as opposed to / if judged with 
the load effect by accelerator actuation / progress to step 402 and / a load effect (fluctuation of the 
restoration air content in a cylinder) ] Kload. It sets up. By the operation approach of the restoration air 
content in a cylinder of this operation gestalt (1), since this reason can predict the load effect (fluctuation of 
the restoration air content in a cylinder) by accelerator actuation with a sufficient precision, it is because 
amendment to fuel oil consumption can be lessened. 

[0099] It is the large value K2 about the fuel correction factor [ as opposed to / when judged with it not 
being a load effect by accelerator actuation (in for example, the case of the load effect by the time of shifting 
an automatic transmission fi-om a neutral range to a drive range, power steering, a brake, an air-conditioner, 
etc.) / progress to step 403 and / a load effect on the other hand ] Kload. It sets up. Since this reason cannot 
predict the load effect by factors other than accelerator actuation from an accelerator control input, it is 
because it is desirable to make [ many ] amendment to fuel oil consumption to the load effect by factors 
other than accelerator actuation. 

[0100] After determining the fuel correction factor [ as opposed to a load effect as mentioned above ] Kload 
by step 402 or 403, it progresses to step 404 and various kinds of fixel correction factors Kc to factors other 
than a load effect (for example, an air- fuel ratio feedback correction factor, a water temperature correction 
factor, a study correction factor, etc.) are calculated, and they are the basic injection quantity Tp and the fuel 
correction factors Kload and Kc at the following step 405. And invalid injection time Tv It uses and the final 
fuel oil consumption (injection pulse width) TAU is calculated by the degree type. 

TAU=Tp xKloadxKc+Tv[0101] An example of the behavior of the prediction throttle opening calculated by 
each routine explained above and the restoration air content in a prediction cylinder is shown in the timing 
diagram of drawing 19 . under engine operation ~ an accelerator control input etc. ~ responding — opening 
command value phitotal setting up — this opening command value phitotal output timing — time delay Tdly 
only - you make it delayed under the present circumstances, time delay Tdly it is shown in draw ing 3 ~ as - 
- time amount Tinj from the operation timing (prediction timing of the restoration air content in a cylinder) 
of fuel oil consumption TAU to intake valve close timing from — it is set as the time amount (Tdly =Tinj- 
Tth) which deducted the dead time Tth of an electronic throttle system. However, time amount Tinj from the 
operation timing of fliel oil consumption TAU to intake valve close timing When becoming shorter than the 
dead time Tth of an electronic throttle system (in the case of Tinj-Tth<0), it is a time delay Tdly. It is 
referred to as 0. 

[0102] Opening command value phitotal before delay It is based, prediction variation deltatheta of throttle 
opening is calculated with the electronic throttle model of drawin g 4 R> 4, this prediction variation 
deltatheta is added to the present throttle opening theta (output of the throttle opening sensor 1 8), and it is 
prediction throttle opening thetaf of intake valve close timing (or after dead-time Tth progress). It asks. And 
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this prediction throttle opening thetaf It uses, the temporary restoration air content Gcf in a prediction 
cylinder is calculated with the inhalation-of-air system model of drawing 5 , differential / integral processing 
of this is carried out, and it is prediction variation deltaGc of the restoration air content in a cylinder to 
intake valve close timing. It calculates. This prediction variation deltaGc It adds to the restoration air content 
Gbase in a base cylinder calculated with the base inhalation-of-air system model, and the final restoration air 
content Gc (restoration air content in a cylinder decided to intake valve close timing) in a prediction cylinder 
is calculated. Thereby, it is the restoration air content Gc in a cylinder. It can become possible to predict 
with a sufficient precision, and the Air Fuel Ratio Control precision of a transient can be raised. 
[0103] «operation gestalt (2)» With the above-mentioned operation gestah (1), although the delay means 
(refer to drawin g^ ) was made to perform throttle delay control, in the operation gestah (2) of this invention 
shown in drawing 20 , a delay means is excluded, and throttle delay control is not performed, but throttle 
opening is predicted using the dead time Tth of an electronic throttle system. 

[0104] With this operation gestalt (2), it outputs to the motorised circuit 32, without delaying the opening 
command value set up based on the accelerator control input etc. with the opening command value operation 
means. By the same approach as said operation gestah (1), and with an electronic throttle model Based on an 
opening command value and the present throttle opening (output of the throttle opening sensor 1 8), the 
throttle opening of intake valve close timing (or after dead-time Tth progress) is predicted. With an 
inhalation-of-air system model (configuration of drawing 5 ) The temporary restoration air content in a 
prediction cylinder is calculated from this prediction throttle opening, differential / integral processing of 
this is carried out, and the prediction variation of the restoration air content in a cylinder to intake valve 
close timing (or after dead-time Tth progress) is calculated. And it adds to the restoration air content in a 
base cylinder which calculated this prediction variation with the base inhalation-of-air system model, and 
the final restoration air content in a prediction cylinder is calculated. 

[0105] Also in this operation gestalt (2) explained above, it can become possible to predict throttle opening 
using the dead time Tth of an electronic throttle system, and to predict the restoration air content in a 
cylinder with a sufficient precision from the prediction throttle opening, and the Air Fuel Ratio Control 
precision of a transient can be raised. 

[0106] «operation gestalt (3)» Although the above-mentioned operation gestalt (1) and (2) apply this 
iavention to an engine with an electronic throttle system, the operation gestalt (3) shown in drawing.2 1_ 
applies this invention to the engine with a mechanical throttle system which interlocks throttle opening with 
accelerator actuation mechanically. 

[0107] With this operation gestalt (3), since an accelerator control input and real throttle opening interlock 
mechanically and there is no response delay of a throttle, the opening command value operation means, the 
delay means, and the electronic throttle model are not prepared. Although prediction throttle opening was 
inputted into the inhalation-of-air system model, with this operation gestalt (3), current throttle opening 
(output of the throttle opening sensor 1 8) is inputted into an inhalation-of-air system model said operation 
gestalt (1) and (2). The configuration of this inhalation-of-air system model is substantially [ as said 
operation gestalt (1) ] the same, calculates the temporary restoration air content in a prediction cylinder from 
current throttle opening, carries out differential / integral processing of this, and calculates the prediction 
variation of the restoration air content in a cylinder to intake valve close timing (or after predetermined 
period progress). And it adds to the restoration air content in a base cy Under which calculated this prediction 
variation with the base inhalation-of-air system model, and the final restoration air content in a prediction 
cylinder is calculated, 

[0108] Also in the case of a mechanical throttle system, if it does in this way, the operation precision of the 
restoration air content in a cylinder can be raised conventionally, and the Air Fuel Ratio Control precision of 
a transient can be raised. 

[0109] «operation gestalt (4)» in said operation gestalt (1) and (2) As shown in drawin g 2 and drawin g 
20 , based on an opening command value and the present throttle opening (output of the throttle opening 
sensor 1 8), the throttle opening of intake valve close timing (or after dead-time Tth progress) is predicted 
with an electronic throttle model. With an inhalation-of-air system model Calculate the temporary 
restoration air content in a prediction cylinder from this prediction throttle opening, and differential / 
integral processing of this is carried out. After calculating the prediction variation of the restoration air 
content in a cylinder to intake valve close timing (or after dead-time Tth progress), he adds to the restoration 
air content in a base cylinder which calculated this prediction variation with the base inhalation-of-air 
system model, and is trying to calculate the final restoration air content in a prediction cylinder. 
[0110] on the other hand, with the operation gestah (4) of this invention shown in drawing 22 thru/or 
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drawin g 25 With an electronic throttle model, the throttle opening of intake valve close timing (or after 
dead-time Tth progress) is predicted based on an opening command value and current throttle opening 
(output of the throttle opening sensor 18). While calculating the fixture restoration air content in a cylinder 
(temporary restoration air content in a prediction cylinder) from this prediction throttle opening, with an 
inhalation-of-air system model with an inhalation-of-air system model Based on current throttle opening 
(output of the throttle opening sensor 18), the current restoration air content in a cylinder is calculated. The 
deflection (equivalent to the prediction variation of the restoration air content in a cylinder) of the fixture 
restoration air content in a cylinder, and the current restoration air content in a cylinder It adds to the 
restoration air content in a base cylinder calculated with the base inhalation-of-air system model, and he 
calculates the final restoration air content in a prediction cylinder, and is trying to calculate fiiel oil 
consumption based on this final restoration air content in a prediction cylinder. 
[0111] Except for the point of performing the same main routine as drawing 10 , and performing the 
restoration air content operation routine in a prediction cylinder of drawing 23 at step 200 also by this 
operation gestalt (4), it is the same as said operation gestalt (1). 

[0112] By the restoration air content operation routine in a prediction cylinder of drawin g 23 , the present 
restoration air content presumption routine in a cylinder of drawing 24 mentioned later is performed by step 
500, and it is based on the present throttle opening theta (output of the throttle opening sensor 1 8) with an 
inhalation-of-air system model, and is the present restoration air content Gest in a cylinder. It calculates. 
[01 13] then, the future restoration air content operation routine in a cylinder of drawing 25 which progresses 
to step 600 and is mentioned later — performing — an electronic throttle model ~ an opening command value 
and the present throttle opening theta — being based — throttle opening thetaf of intake valve close timing 
(or after dead-time Tth progress) predicting ~ an inhalation-of-air system model ~ this prediction throttle 
opening thetaf fi-om — the fixture restoration air content Gcf (temporary restoration air content in a prediction 
cylinder) in a cylinder is calculated. 

[0114] Then, restoration air content Gest in a cylinder progress, the fixture restoration air content Gcf in a 
cylinder, and current to step 700 after progressing to step 600 and calculating the restoration air content 
Gbase in a base cylinder by the same approach as said operation gestalt (1) Deflection (equivalent to the 
prediction variation of the restoration air content in a cylinder) is added to the restoration air content Gbase 
in a base cylinder, and it is the final restoration air content Gc in a prediction cylinder. It asks. 
Gc =Gbase+(Gcf-Gest ) 

[01 15] In the present restoration air content presumption routine in a cylinder of drawing 24 , the present 
throttle opening theta is first read at step 501, and they are atmospheric pressure Pa, an intake-air 
temperature T, and an intake pressixre Pm at the following step 502. It reads. Under the present 
circixmstances, intake pressure Pm The detection value of the intake-pressure sensor 16 may be used, or the 
last value of the prediction intake pressure calculated at step 601 of drawing 25 mentioned later may be 
used. 

[01 16] Then, it progresses to step 503 and the present throttle passage air content Gin is calculated by the 
same approach as the routine of drawin g 14 explained with said operation gestalt (1). Then, it progresses to 
step 504 and model time constant tauIM of an inhalation-of-air system model is calculated by the same 
approach as the routine of drawin g 16 explained with said operation gestalt (1). 

[01 17] Then, it is the air content Qm in a throttle down-stream inhalation-of-air path with the same approach 
as step 213 of drawin g 13 which progressed to step 505 and was explained with said operation gestalt (1). It 
calculates by the degree type. 

Qm(i) ={Gin (i)-Qm(i-l)/tauIM} and Ts+Qm (i-1) - here ~ Qm (i) - the air content in this throttle down- 
stream inhalation-of-air path, the air content in the throttle down-stream inhalation-of-air path of last time 
[ Qm / (i-1) ], and Ts It is the sampling time. 

[0118] then, the step 506 — progressing ~ air content Qm in a throttle down-stream inhalation-of-air path 
fi-om — current intake pressure Pm It calculates by the degree type. 

Pm =Qm and R-TA^IM ~ here, R is [ an intake-air temperature and VIM of a gas constant and T ] the 
content volume of a throttle down-stream inhalation-of-air path. 

[0119] Then, it is an intake pressure Pm by progressing to step 507 and computing the average of this intake 
pressure Pm (i) and the last intake pressure Pm (i-1). It equalizes. 

Pm (i) = {Pm(i)+Pm (i-l)}/2 [0120] Then, it progresses to step 508 and is this intake pressure Pm. It uses 
and is the current restoration air content Gest in a cylinder by the degree type. It calculates. 
Gest = eta- Vc -Pm/(2 and R-T) 

eta: Volumetric efficiency Vc : Cylinder-capacity R:gas constant T: Intake-air temperature [0121] On the 
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other hand, in the future restoration air content operation routine in a cylinder of drawin g 25 , the prediction 
intake pressure Pm (intake pressure of intake valve close timing) is first calculated at step 601 by the same 
processing as the prediction intake-pressure operation routine of drawin g 13 explained with said operation 
gestalt (1). Then, it progresses to step 602 and is the prediction intake pressure Pm. It uses and the future 
restoration air content Gcf (restoration air content in a cylinder of intake valve close timing) in a cylinder is 
calculated by the degree type. 
Gcf=eta-Vc -Pm/(2 and R-T) 

[0122] With this operation gestalt (4) explained above, while presuming the current restoration air content in 
a cylinder based on current throttle opening Since fiiture throttle opening is predicted, the future restoration 
air content in a cylinder is predicted and the prediction variation of the restoration air content in a cylinder 
was calculated from the deflection of said future restoration air content in a cylinder, and said current 
restoration air content in a cylinder From said operation gestalt (1) and (2), the prediction variation of the 
restoration air content in a cylinder can be calculated with a sufficient precision, and the predictability of the 
restoration air content in a cylinder can be improved. 

[0123] «operation gestalt (5)» Although the inhalation-of-air system model which calculates the 
restoration air content in a cylinder from throttle opening was used in above-mentioned operation gestalt (1) 
- (4), with the operation gestalt (5) of this invention, air content change actually sets the time constant of this 
inhalation-of-air system model as a small value also for a twist using the inhalation-of-air system model 
which calculates the restoration air content in a cylinder from the output (intake air flow) of an air flow 
meter 14 (intake-air-flow detection means) so that it may appear at an early stage. 
[0124] With this operation gestalt (5), the time constant of an inhalation-of-air system model is set as a 
small value instead of establishing a means to predict the restoration air content in a cylinder. If it does in 
this way, the effectiveness same since change of the restoration air content in a cylinder calculated with the 
inhalation-of-air system model actually appears at an early stage also in a twist as predicting the future 
restoration air content in a cylinder will be acquired. Thereby, the operation precision of the restoration air 
content in a cylinder of a transient can be raised conventionally, and the Air Fuel Ratio Control precision of 
a transient can be raised. 



[Translation done.] 
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3 5 IM 

OL (^ 26 M) fmmzm< 



(IDtamA 000004260 
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(54) pimm<Dmwm@ 



(57) 

ti*®] aaNFOigfi*i^«^^»<o?ici([*sjK?:ifiiJi$ 




h ;u -> ;^ r A fil X. in tc iJ V » T , 

Pa 



Gin = M * A ' 

Gin : 
M : 
A : 
Pa : 
Pm : 



(2) 2002-201998 

2 

o-v ^ T ?t» L ^ - ;^ t;*D» L r |*|?E 

[mi] 

• f (Pm/Pa) 



\/r-T 

;^D.yb/UjijlS^fi:[kg/sec] 

>c^[Pa] 
®^[Pa] 



R : ««£5e«: 

T : K5lia«[K3 
f<Pm/Pa) : R^Pmi:;*:^Pa©H:-^St*5'»3ajt 
A = jtr«(l-cos2«) 



6 



fC»*?t*-t--2.^t-. f (Pm /Pa ) l±Pm /Pa ^: 

^ f (Pm /Pa ) (07"-7*;K±. 
Pm /Pa < 1 Ot itz £ (Pm /Pa ) =jEOf[ 
Pm /Pa = 1 i f (Pro /Pa ) = 0 
Pm /Pa > 1 (Ot i^lC f (Pro /Pa ) =AO'OI 



50 l-aJ:tJ-r'5^t «:!RFi8:t1--2.0f*J®17I»M6<OV»i*tL35» 
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3 

[s^JH 1 1 ] mtmn^^wsm.mw^mt. mmmm 

iJ^-^'-CIEijiL-rxD y h ;l/S)^*$IJffllf ^>^^XD 

/N'^I'T'ISBJ'^' ^ >^^<7)XD y b;l'SJS«:^}|!l-t-^;^n y 

WiSX n -y h ;HiKiFiSiJ¥ST-^?l!l Lfcx n y h jumSc 
tc^cTv > TfSi rt^«S5CS S: ^iB f * fSi l*I^«^«S^ 

«riBi§ii*i5£«^«»^?ii)#gr'^ii!i L fcmp^^m^n*. 

D -y h ;i/g3ft^j|l]^Sr-i^}Sll L7t X D -y h JV^m^^ 

-o\^xmM''^fi^y'mi' ^ 5 > i^tX'<Dn[H^m^Mi<o 
mtm^^m u> ^ o^ftg^rissoaie/N'^ p« - 

[fli^« 1 4 1 m«<oa«e^^'7 ^ - »c3Io'v>t^- 

LTX n y h ^t-iiS^^S i: ;^ n y h ;wT»£®K=£-^tv 




(3) 2002-201998 

4 

rt?c«^^l:t- B!rlB^fbi^!iI#-S-e^iIii L /^lEft* ^: 
H5iB«*<7)t»|*I?fei«^^» t mrlB^ft o«r*i5te«^^» 

ii -r * F«3«Kisraotijffli^So 

[0 0 0 1 ] 

40 [0 0 0 2] 

«$*t'i>^^» ^ffiK^<}$ffL 

xny h;u/s;i.-7'0±»iEffl 
50 t, ^nSLi:mm'ty^X'm^\^X. 
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5 

[0 0 0 3] 

So 

[0 0 0 41 3f:flW(±-<0J:^'Sr*1S«r#StLT^$tt 
[0 0 0 5] 

[0 0 0 6] »*Jil<7>J:dU, ;^n y h 
mmfi^mi^^y Yf^Ti'^=.^-i'\.zmtiiri>9^ 




(4) #R 2002-201998 

(5 

10 [0 0 0 7] t ^;?>-e, ^iffl^n y h;ugggE;4'ibjSl*l5E 

m[>^iEm&^m*mitLtt^^tziib^ a«<^sss/^•7 

[0 0 0 8] ^ZX. ai*JB2«0J:T(C, ^jfflxn v b 
[0 0 0 9] Mt-x ffi*]S3<7?J: ^ t-. "RA^^Ti^iiia 

ft* A < ^?f|-r ^ ^ i: ^*r- # -5> o 
[0 0 10] ^<^*§-&, n*a4C0J:TH, .^^m*T' 

[0 0 11] 
40 [^2] 
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(5) 



#Pa 2002-201998 
8 



Gin = M • A 



Pa 



f(Pm/Pa) 



/rTt 

Gin : -Xn^yh/uiiig^^ft [kg/sec] 
U : JS*^^ 

Pa : ;^^H[Pa] 
Pm : ®aUBE[Pa] 
R : ^t^l^ik 

T : fa«ta*[K] 

f(Pm/Pa) : Pm/Pa>l f (Pm/Pa) =A<?5ffi 

A = 7cr2(l-cos2e) 



0 : >^ns/h/uH^ 

lO 0 1 21 y h;u®ig^^fi:*«»i-;5,^tz, f 
(Pm /Pa ) li. Pm /Pa ^ - ^ t ^ - 20 

r;i/7)^<b»mL. ju ' AU. y^n >y ^;^ggJt5:^^'^^~ 
0 »*:*5 0J;9i::> f (Pm /Pa 
) <7)x-y;i-{±, 

Pm /Pa < 1 f (Pm /Pa ) =jE<Ott 

Pm/Pa=l<Dti=lcf (Pm/Pa)=0 
Pm / Pa > 1 <0t §(C f (Pm /Pa ) =ft<7)fg 

*tAv»o f^JE-t-'S J: T tc, f (Pm /Pa ) {±, trS 

fi<3C(i:ec0Mt-^'b^v^75^ Pm /Pa > 1 <0 1 ^ iZ { 
(Pm /Pa ) =0icf-i>t. Pm /Pa Tinftffl-egE 

/Pa 1 #i5<o«Jtr- f (Pm /Pa ) O^^ib^Ti*:^ 
^<^j:^Ztt. iS*WiI|£P#lcj*#±Pm /Pa Tin 
JBl±lci^ttHf (Pro /Pa ) a^OX-ff-V^ti&fc 

it;*i»fii^NfO f (Pm /Pa ) (omt^^mwuz 

[0 0 14] Z<Dnmt LT, W*:a5<0J:dl-Pm / 
Pa>l<^i:#t-f (Pm /Pa ) =:ft<0'(ti:-r*t{f, 
Pm /Pa 75n#ST-^tll-r^S*?^a$E^tl. f (P 
m /Pa ) <0^'f[:7)*aSije^^'bOt i<7?yt:*<>, ® 

> ^ > ^ ^ IWih-r -5. t *5r- # ^ o 
10 0 15] tfz. IS*:S6coJ;dlc, T'-f V-f^Stc 

^fii<^«JH-i!«WfiO?^» ? ^ > (f8frt^«2g^fi<0 50 



mmTthimL^l^^y-zmm (Tdly =Tinj -Tth) H 
-i±-^<toi;|gjSJg^1icOiKSB#KTdly ^15^1-2. Ci: 

Tinj (±, J^>v>-|lltej$S7>»^|51lKtc;t^(at'M< 
[0 0 17] CO.arS:#lSLr> Sf^^TOJ: ^ (C. 

[0 0 18] ffi*«8<75J:^ tr, $&i6Bf, $SI6ii: 

f^<7)Bff^B#rai*i, r^- K^uate^. i 14^ jilt 75^- 
K^uaiE^ii, h')i^Mmm&mm (i so 
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9 

[0 0 19] 9!oT. Sf?^«8WJ: -7 (c, y h ^l-il 

(0 0 2 0] ttz^ »*3S9(7><t9lc, r'-fl'^^a-e 

;i/ •> X X A c^CL:.^i^ilti#tt * --J^Jiiio® tt^mr-iiM 
xo -7 h;u/<;ur<7)|E»;jiS<o|5g|^#14^ilK'; 5 

[0 0 2 1] «^-xny h;w->xf-AO(fibo 

<>A»/^<, C O J: -5 (Z-r tLif . ilBIF.Ht-.t'&XD -y 
[0 0 2 2] ttz. 1 j^fl-i«*f»* 

J: ^nnmmii. T -t JWSf'^id^'b (±^?M-e# 




(6) #M 2002-201998 

JO 

[0 0 2 3] ?MoT, W*ai l<7>J;d(;. T^'-t;l.l*, 

[0 0 2 4] j-:i±ife?^ Ltzn^m i - 1 1 t:#-5i&^ 
ji, X n -y h )ummmm «-fir ^ j: o u l w^^s i 

2<7)J;t(I, xd y h;i/il]^Sl)^^tf*3i-' t:. T^'-t^W 
70 ^fti^tc^cfv^TjSSLfciaSJg^ffitS^xn y h 
-> X 7" A oiD^iltL^tt i: » T^fCv- ^ 

v>o ^ l;LT^), S^-xn y h ;u->x-7- AO*!*: 

[0 0 2 5] z<r>^^i>. W*iii swioic, ^iwx 
x«i*i3t«^«a(ii)n#LriSn*i^«^^S*^j||-r^ 

[0 0 2 6] Ji]L±Ui?qL^cli*:®l - 1 3I±. 

r-*sA^ xny V )v^s.^ry^)\^mmzmm^i~x 

ii)§-ii:-5.1l5lt^xn y ^;^vX7^A<7)^*'g-(i. W^J^l 

JO 4coj:oiz, 5l^E<7)alE/^•9>-^'^c*o'v»r'^-xtt 

F«i^«^S«:?«»i--5. t*tc, xn-y h;wgBPS-^>; 

7 -f X Lr3S^t<oxD y h ;ppgj^^/i^t,xn y b 

S ^ - X <^ lcSp» L TM F*35E«2g^» ^ 

• n-r^xoizLX'bA^^o z<oxni,~-riti£^ tsw^x 

D y h -> X 7^ A co^-g-T- i , tBfrt5te«S^i<0?^j|« 
[0 0 2 7] tfz. ±ie»*«i -- 1 4r-»±, xn y h 
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11 

[0 0 2 8] tZ^X'^ ttS^LfzmMm2 . W*«l 3 

[0 0 2 91 :L<r>nw.t LT, 1 6 0i d ^ 

^silL, frfe»*<7)f«[*i?£«^^l:i:B(rie3is<7)«i*i^ 
(j^i*i5E«^«»<7)^!iJ^fl:»(C'ra 

SA<*i6^>lt7)*T-§^T. ttl*l^«^M»<7)^jIiI*lJS 
OT*ab^o ) 

[0 0 3 0] 

-5) o 

[0 0 3 1] t-f. 01 ti^o'v^ri*U^1SMT**^J^> 
>v> 1 lO^^gl 2co±i;t«i::*iJ^T^ V-':M 3 

[0 0 3 2] y'u^-iJ' 1 40Ti)tLll9tIii. X 

1 SOElSja 1 5 a tCDC'=e-^^0^-^' 1 7 (T^n 




(7) # ga 2002-201998 

72 

o^-^ 1 7 0lES6:^(i J:oT;^n y h 50 
[0 0 3 3] k;u«*eB#4> ^-^^ 1 7 

T-Y K;UilteB$<7)iSA^^fl:«:*IJffl)LTJ:.>v>'llI 

mm-h^r^ K^mi$5iSS$ij» (i so r-^^o i^. r 

[0 0 3 4] xn y h;U/N';u-7'l SOTyElit:: 

Ji>v>l 1 <7)#^f|[ti^Ai-^iSi^-7-'-^-;^ Kl 9 

^)#^t'bttTV^>2)o ^> V > 1 1 >^tt2 2 

^^nf^v^*:^;un-5^ 2 3 onStc^rp] LT^ ^ > ^ 

Um^^yh (ECU) 2 5 tt. COjl^v 

> EtejiJsm^N e (o^^mi&m^ x<yxj^>z^^>m^ 
[0 0 3 5] — r ^-t;^^y;w2 eo^a^* (r^ 

30 -t^l-Si^l:) ;^^^T^-b;^-t 2 7 Uct oTttm^tt. 

h 2 5CA/D^^S2 8 ^^tTflXt)^^tL^o S 
fz. JLryu-j(-9 1 4. ®^ffi-t>^f 16. XD y 

7 h 2 5tIA/D^^S2 8*^Lri)^»9jiitL 

[0 0 3 6] Zcom^^m^m^^ y V 2 C P U 2 

9. ROM30. RAMS imimx.fz^^ ^ua>}£ 
:2.-^i^i^tLXm^^ft. ROMS OtCfattStLT 

^0 v>^XD-y b;i'$iJ^ffl(7):&a:/nr'^AS:CPU2 9 

)mimm^m^'^^xwc^^fifz^mfi^m (B«xn 

'yh;i-SK) (ii£^i:T-t-^IEift[lIK3 2 4:^LT^- 
^ 1 7 IDmm^^zXn y ^ - V^^y ^m^ML. Z 
(D^-^ 1 7 0fEi&:^;(iJ:oTxn y h ;ppBS^iaSJif 
^iitlSlJffll-r^o iS. ^-i5^IElft(5|K3 2;&^'b^-i5^ 1 
7---oaaS&*tC(i. U-m^-h^j:^^^m^4 6^^ 
tk^fhti. m^-xn ^y h^i/vx-r Aco^^B^tKi. CKT) 
^ii:lilg&4 em'^WjLX^-^ 1 7^oail^iiBf1-'5> 
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13 

[0 0 3 7] Mt;, Z(r>n.^m'^^- y h 2 5(i, RO 
M3 OlCiEtt^tLTV^^m Qlb'^mi 8<r>^)V-^> 
S-CPU2 9-e*=ffi-'&-i:T', f^^-r^xn y 

[0 0 3 8] y h 2 5 {Zi,i,mW^I^ 

^■t>«'$gfpa:7j«Ti'-b;u-t>-9-2 7 i o ri^m ? 
gaRJg^«vt»^e J: o T r 5' -b ;H*f^s:^t:j!L. i: x 

Tdly ilS^nriE^xn y h ;u->;^-f AO*- i'lES* 
I1SS3 2 (zm^l^ii^o >l<7)gg)tJg^11(7)il5£B#r4Tdl 20 

j :4»f>^?-;^n y h;u->;^f-A<7)*ii;B#P^Tth?:ML.?l 
v^i^'cBfra (Tdly =Tinj -Tth) t:|S^§.n^o 
10 0 3 9] c<o*i-^, •i' ^''^->^■7'A«oSI^: 

I^MTtwi, xay h;HE»iSlS7J*^fbLT<>IEfbL5; 

t?<^B#WTinj (i, Jc.>v'>|ii|E3ii«*^SS[iItet-^-5.ia iO 

inj /i^^^j^o y h;i^i/XxA<oiEii:BfraTthJ: ») 
(0 0 4 0] CO**r#gtLr, ^^ife^g!^ ( 1 ) 

[0 0 4 1] T-v i-^#s-eii5£$-ti-^flfr<7)ggjs 40 
Ji^^^S^total (±, ^?-xn y h ;^*T';^^cA:^J$t^- 
^=^■7. u-yv ;Hft!lf 1t*T';ua5 1 gE-ffcfia^as 1 f>« 




#^2 002-201998 

[«2 / (s2 +2 fa, s + a»2 ) ] X-mm-thtn 
xny V)V/'i)V-/\ 50Si»j$JS0lS#!if14*jgS 

•J 5 y ^'T-«ML. ilSMO^KJt^ttsf total 

(r>n^mm (i/s) \mmk^x'^^o ns, in^^ata 

10 0 4 2] m^-^D'^ V)^'e7')u<r>mtimM- 

ai5(±. m^n^ (d/d t) tm^^wm (/) t^'pjfiic 

•)> (d/d t) -e, m?-;^D-y h;H!j!|f1±* 

RTs pfl<7)M^3- z^m^im^^m (/) T-« 

-t^o c<7)|?^K (/) -e^55-*«5?-t^B#FBT 

l±> ^fl-i*#j-l:TAU<0rS^5'^' 5 >^'- («rt5t«^^ 

OB#KITinj fc, H^-XD y h;l/->Xf-A<Oit|t;B#|gT 

th<7):^iv^:^T-*^o Zit{zi:y). mts^M^^'^m 
t)$ix^:^ti y h;wpitco^}|iimb*:A ^(±. 

y'm9^^>y (Xi±teitB#HTth@iat^) tr-o^n 

[0 0 4 3] ^^;^o y h;u*T';Ki. ^fb*?»^g|S;6' 
^D yh;upjS^ (xn y h;wMlS-b>-9- 1 SOffi:?:) 

[0 0 4 4] c:oK^^.*t';K±, 0 5 IC^I-J; 0 t-. 
^ jWx n y h ;i.iiji^^fi?aff St t ^iWiR^Er^^SC t 
i^?smi*I^«^^l:?*»a5i:*^ib^0. ^iijxn -y 
iiii^^»«^S|5f±, «iA3g^zi^'Sii-r^;^n y h 
P^r^U^-f ^i:l,^tT^jS!|;^n-y b ;i'g3Jg^7j^<b^ 

iS^lEPm *a^L, ^iilttl*I5E«^^»i^»6ei±, ^ 
«i|i?i^EPm *-t>^ii|i|1girt^«^^fiGcf«:ig»i-*o 

^x-m^ii^o 

[0 0 4 5] 
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(9) 2002-201998 



15 16 

Gin = • A • ^ • f (Pm/Pa) (1) 

v/R-T 

Gin : ;5^n-/h/U3li§^^4[kg/sec] 



At : 




A : 




Pa : 


:*C^JE[Pa] 


Pm : 


K5tJE[Pa] 


R : 




T : 




jcr2(l- 


cos^e) - — <2) 


r : 




0 : 





f(P«/Pa)=y-^(_^)T^ --(3) 



[0 0 4 6] wCT% f (Pm /Pa ) (i. ^9 
a^LTt^v^;!,?, »fi[5J!L31*WlB&fb-r^/c*!)(i. Pm 
/Pa *>'N'^^-^ t-r^T--r;i-;5-^»mi-^i:fi 
v^o f (Pm /Pa ) 0-r-r;Ki. S:^fa^: 1 t LT 

f (Pm /Pa ) (i. ±fe (3) (4) ^^^^^bW^b 
:;6^J&J:^tc> i^aWt::(i*Offi(c^ v^/c*:>. [116 0 
0ljr-fi. Pm /Ya>\(Dt^{Z^ f (Pm /Pa ) = 

[0 0 4 7] Lt&^L. Pm /Pa > 1 Oi: §{I f (Pm 

/Pa) =o(ci-^.h. Pm /Pa^^n^ifi-e^lft-r^ 

»tt (xn y b;wai§^«ftGin. ^ffl^^ffiPm . ^ 
}fflfSP95E«^^fiGcf) 7&-*mi6LT/N>^>^;6-'§l*i- 
^i®f^7&^^*>^o wO!lH(i. Pm /Pa 75n#i5<7)^jt 
-Cf (Pm /Pa ) O^^L^tO^^:^^ < ^-?>Ci: i:. iSft 
Wa*5B#UPm /Y'^mnn±^\&.±.{zt^^mzi (Pm 
/Pa ) T^^OT-:*-- K$iix^/ci6. iS*WSteB#0 f 
(Pm /Pa ) O^ft;6^^T^MS0tI^^f^*^>T-*^o 
[0 0 4 8] Z,(Dnmt LT. (1) -Cfi. 

f (Pm /Pa ) <7)f--r;u^ll7tc^i- j:^(i|S:^L 



ofO. Pm /Pa < 10<h f (Pm/Pa) =IE 
OH 

Pm /Pa = 1 Ot ^tl f (Pm /Pa ) =0 

Pm /Pa > 1 Oh § f (Pm/Pa ) =MOtt 
(ltS:^tTV^-i>o CtLtiJ:»), f (Pm/Pa) Ot^- 
Pm /Pa = 1 LT±^^Sei-^***4-*^ 

[0 0 4 9] IHTOJ: ^ ^^Mt^fttO f (Pm/Pa) 
Ox-r;i^?:fflv>^i:. Pm /PaT^Ufta-e^Iii-^ 
iSA^^ilteB#(l. f (Pm/Pa) 0^fW^SI»Jfi1;^t 

40 ;^iii§^^MG inX(i^lIim^l±Pm 

^^iOcf) ^^*^fti-^::h"C% 119 u^i-J: ^ tc. 



-9- 



17 



[0 0 5 2] ^XU. i^fflia^EPm i: 

Sl:«#oitBiJ^iiffl-r^t. (5) ^x-^^f^h^io 

Gcf= 7 • (Ne / 2) • Vc 

Ne : ^> V Xai^aS 

Vc : 'y') >v^m 

[0 0 5 4 ] i^A^^yfLSUi: 
^?iiliS^SOBtriil<7)fiPm(l-1)T-^)^o 20 



(10) #192 0 0 2 -2 0 1 9 9 8 

18 

d/d t • Qm =Gin-Gcf (5) 

CC-C% Qm (i;^n y h;UTiS®^iil&rt0^^g, d 
/d t • Qm (ixn y b ;uTiSia*aKrt<^^^*<^^ 

[0 0 5 31 S/w. xny h;U'T8!tiR^a8&«:::^^<30t^ 



(Qm /Viu) (6) 

^ [0 0 5 51 S/c. ®^.^.^T';i'O^T';i^^^i^r iiiti 

^k(0 (7) ^'eR^ti-i>o 

r iM=2 • Viu/ (Vc • 7 • Ne ) (7) 

±ie (5) - (7) ^75^^b^X<7) (8) ^7&^^§Ui^tt 

o 

d/d t • Qm =Gin-Qm /nil (8) 

[0 0 5 6] ±.te (8) mimm:^X'i>i,fzit>. zixi 

m'f-mm^- y 1-25 X'mn*&mx-^i> x o \z-fi>tztb 



ij = i (Ne , Pro ) ^ 

|Qin(i)-Qm(i-l)| /Ts =Gin(i) -Qm(i-I)/ r m (9) 

i::-c% Ts ^i^^■>7''J vmrar-ab-So ★»iiiK^ag&i*i<o^^*Qm <o?S^^7S*;>:<oJ:TtcSiai 

[0 0 5 7] C:0 (9) t> ^ny h ;PT* $tt^o 

Qm(i)= iGin(i) -Qm(i-1)/riut -Ts+Qind-I) [kg] 

(1 0) 

[0 0 5 8] ic.tz. y h )\^T^mnmmz^i^(7)^ -cr^SQm a-h^mm^s-Pn imn-t^^i>^>k<ox^{z 

Pm =Qm • R • T/Vim [Pa] (11) 

R : 30^ [0 0 5 9] ±M (1 1) (6) ^tt-h. >k<^ 



T : "R^SJS 

iSfC^^-f';K7>^ilW^ff}^»SEi±. ±fB (1 0) 

(11) ^^fflv^T, i^jffJiS^JEPm *«^-r^o ♦ 
Gcf= 7 • Vc • Pm / (2 • R • 

2) ^4:fflv>-C, fi0^jjWigrl^^«^^SGcf«r?$ffi- 

[0 0 6 0] 0 2 t-^-r J: T BR^^^T';K^flJ:Zj 

(i5<o^iimi^^«^«i:Gcf) (±. (d/d 
"bn, ^<r>m»:^m»^m (/) T-st^?tv^o 

^^iT-<OB#KTinj X'^i>o m^Wm (/) T-W53-L7t: 
AGc «r'^-;^iK^^.*T-vi'{-<t t)a^L;t--<-7.fei*i 



(12) S:-ca$tL*^}II|igiF«15(E«^^SGcfO?Sff^ 
T) [kg/re v] (1 2) 

[0 0 6 1] >kiz^ ^- ^mf^^m^ns(r>mnijmi 

^140ai* (^A^^jEl:) l^«o\^r?«ff LTt^tt 

nr^umii. ^"ffim^zm-xm^hfLt^^i^^m^^M: 

os^att (taix.if^^oj^r^n^-^' 1 4<o*i-^ 
(±, j^r^n^ - 1 4 <7)-t >-9-gl5S#<Ot:- 

[0 0 6 2] ^z.x-. ^m.mmm (d r-ii, m&n(7> 
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Gbase= l/(l + riii*s) • Gdlay 
Gbase : ^-;^<Srt?c«^^S: 

Gdlay : iZ'^miimmmm<r>tiit> 

10 0 6 3] i<0^-xqR^^.*T';K7)^^^r iy(±. 

r .B= 2 • Vim/ (Vc • 7 ■ Ne ) 

Vim : ;^n -;; h ;uT»£ffloSi^iilScort#W 

Vc rsa 

Ne : V >lHl<KjS)g 

10 0 6 4] vKOJ: -j ^-^-y^S^^-tT-VUtc i 
Lf^--<-;^fgrl*I^«^^fiGbaset, ^jilxa y 

S^;^i-t>itff L/-:Ml*15t«^»:4c0^j|||^fL»A Gc t 
*W#LT, ft*?-fi<)^^i!mi*i^«^^*Gc (®^^^- 

[0 0 6 5] J-J.±|fe?gL/j|12<7)#-7'n y ^-eoHlligii, 

[0 0 6 6] >;W--f">] HI 0<Oj< ^ 

0 OT^ W&-ti>m \ l<r>7.u y }-)l^mMM'0)\^-f-> 
^*tf ;^ n y h )VmMMm<r>mn^^:f)^f&±LX^^ 

ixii\ Ti'-tJummm-iz-cxi&^Lfzmmi^^m ^ 

total ^r^Jg^WTdly @®?Hi:*XO y h;Pil]SftlJiflI 

i:mn-ti>o Z<r>m. XT^-y 7°2 O Ol-ilA, f^^Ef^ 
mi 2<7)i^?i)Ml*l5iE«^^»?*»;l'-^>^^^TL, ^ 

j|iJ»i*i5E«^^»Gc (qR^^^^i'T-H f-ii> crx-m^ 

[0 0 6 7] w<7)ft, X-r y 0 0 t-il<^>., ^*it#t 
^l:Gc tiVvVliieiSJSNe (-ItCT-^-y r^HJ; 

. ^«Sifc7'f-K/<-yi^.|iiE^8!c> *iaffliE#i^ 




1#l5a 2002-201998 

[0 0 6 8] [XD y h;uiiSaiJ{fll;u-^>] di i<7> 
xny h;w®®®J^;u-^>(±, H i 0<o> >;u-^ 
><0;^-r y7'l 0 0 ■e||^f $^^•5■^^^^-^>■C-ab'&o 
*;u-^>7)'et!i$tL^i:, i-f. X7^y7'101T% 
ri'-b;w^l^fl: (Ti'-b;u-t >-9-2 7<omt)) ^ut&i: 
BSKJi^li^ total €rK^-r-&o -<0|^, iaSJt<^ 
11 # total ti, Ti'-b;ultflFMi;)£ L:/^^*M«#peda 
I i:. K^miteiSftaiJffl) (ISC) tci^^^ggjK 

10 <^ \&o mnm^^j:m^m&inn\^xi^>ibi,o 

^ total =^pedal +^isc 

[0069] ccoxT-y^'ioi <r>^mm^ffm^<r>i& 

[0 0 7 0] ^cof^, x-r-y^'l 0 2tcjlA, xn-y h 

xny h;i.ji5£SlJffi)»ih^ftt LTf±, mx. 
Ii\ ®telJ)B#X(±teiftitf*(7>^^B#rBll*IT-^)^i © 

(f, XDy h;uii5£«i]^«jjb^fi^;6?)^3z:L. -^nJ-m<75 
xn-y h;uiliS$iJ»»i]i*(t3&«^^2:i:4^o 

[0 0 7 11 «b,W!n^«bm^mt^ 3^*fi<;tzji>v>ii 

te75^:^^^-C*^;'.:ii>. x n y h ;uii]^ftiJia^^TT 
fc. T-f K^PilteB*!*, T-f K;PIltejS)S©J« (I S 

c) mwix^xr^ YA^mi&mm.^y ^-Vf^yi^fsm 
nwizjLyi/>mmm&<r>tL±^^*)imfix. 

[0 0 7 2] -tZX'. :^mmfm (D Xa. xny h 

40 o y h )um&m ^ m±-t ^ ^ t r% x n -y h )vmi&m 

[0 0 7 31 X X y 7" 1 0 2 T% X n y h 

)i^mmuym'mik^fi. x-^y^'i ostiji.^, 

(Sff) <75§ISJt^1i ^ total (i)^rSM$^±-fi;*-^ 
lE»ill&3 2{C{ti^J-*--&o 
[0 0 7 4] X 7" y 7' 1 0 2 T% X n -y h jl-MM 

mmm±^m'^m^tm^^nfni. xf-y7'io4 

50 »**i4i-So t-r. X-r-yT'l 0 4T% ia«ti^it# 
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total OilSB#^1Tdly "k^k^-f^o mi&nm 
Tdly (i. BI3(l^i-J:-9(l. ^>#iS*fl:T AUco^g 

Y)V'y7.y-I^(nm^^^TxY\^^L^\^^fznm (Tdly 
= Tinj -Tth) iclS^$n^o IIL. ^.f4J«l+»TA 

BtHTinj 75*®:R#raTthJ: iffi< (TInj 
-Tth<0Ot#^) (i. ilJi^PBlTdly ^Oh-f^o 
[0 0 7 5] COf^. Xx y y 1 0 5 SJiB#P^ 
Tdly >i>-i5cCdly ^t^^v^U J: *) «S:'r 

^ o 

Cdly =Tdly /Ts 

wCT% Ts (±->f>yj >i'*B#ra-e*'i>o 
[0 0 7 6] z(r>tk. ;^f- y n 0 6 t-Jl.^, aittJ: •) 

'{>il]^^P€Tclly |*I<7)-<f>-/U >^'-tScCdly mrtzit^L 
7t^SJi^tt,ltotal(i-Cdly) 5'mi61i]8& 3 2 U 

tU^J-t^o Cti.ic<ti9, laSi&^MjS total <r>m^f^ 
5 >rS:ji®NFMTdly fi»t®®$-<i:-?)o C:*t<b;^T- y 
7° 1 0 2 - 1 0 6 (r>^m.-h^^ffm^<r>VLm-^^^ T T'-f I' 

10 0 7 7] >] H 1 

2 o^}l!l«i*i^«^^4«S;w-'f->(±, EI 1 1 <7» 

>;l/-^>(7);^x y 7*2 0 0T-^^f$tL^-if-7';U--?^> 

[0 0 7 8] 5f:;l'-^>**ie»$*t*4:. t-fv^T-yT* 
2 0 1T% miE-f^mi 3<7>i^jiliS^E»»;l--^>^ 

^E) 4-«»i-^o viof^, >!.-f •>y2 0 2 (liiA, ^ 

Gcf(i) ^r»»-t-5.o 

Gcf(i) =7 • Vc • Pm / (2 • R • T) [kg/ 
rev] 

7 : ^mnm 

vc :•>•;> 
R : «#:SS5: 
T : 

[0 0 7 9] CO^, 7.7- -/^ 2 0 3 tCil^, HI 

'^"S&^-f^-T^'r-y ■7'2 0 3 i3^h7.y-y ^2 0 4 (Cil^, 

[0 0 8 0] X n y h ;u®ffi$lj»^ih*fr;6^'^^ 

5:c0*-g-l±, HI 1 <o;^n y b ;i.jl3£ftlj|ai;u-^>'ic J: 
oTXn y b;Wffi3^$1Jtai5:IIMLr, Xx y7'2 0 3;*' 
<c>;^-r-;'7'2 0 SUjI*., ^ailB#WTinj rt<^-if>-7''; 
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>i''S:Cp ^^^c^(;J; •jjI^-T'So 
Cp =Tinj /Ts 

[0 0 8 11 COf^, 7.7- J -f 2 0 6lCil^> 
1Sirt5£«^^»Gcf«7)^jffl^^l:SAGc t'>:^tcJ:i?« 
70 AGc =Gcf(i) -Gcf(i-Cp) 

^c-c% Gcf(i) i±, <^iso^amrt^«^^g (-^s 

^«^«») ■e$)t9, Gcf(i-Cp)(±, iKfti •) ^>i^jilB# 

[0 0 8 2] ^ril^ftiA Gc (7>mmtk. 77-y-f2 0 
-f) imnU '^-^tert^^^^SGbase^jSlti- 

cOlL>^iinii{*S«oaJ:^jGdlay?rfflv^T, A>:cofritr*5 
^{Z J: •) ^-^iBirt^«^M»Gbase4:?t»i-*o 
Gbase= 1 / ( 1 + r iM • s ) • Gdlay 

fz^im^'x^-^n^ic.m^^tGbase'tmn-t^o 

[0 0 8 3] -g-Of^, XT^ y y2 0 8t;ii<^. Z(7)^~ 
30 ^^^ftrt^t^^^SGbasetc, Jiie;^x :^2 0 6 T'** 

Gc =Gbase+AGc 

[0 0 8 4] [^^ilK^!£^$^^;^-^>'] 13 1 3 (O^M 

#;U-^>c7);^7" y 7^2 0 1 X'^^7^fi^-^y)i^-'^> 
X'^i>o :^)i'-'^>-A^Bm^*i^t. t-f7f yf2 1 

1 x\ mm-ri>m 1 4 <r>^m7u y h ^t-sa^^ast^ 

;u-f->^r||fi=L^ ^ril;^n y h ;uaii^^*G in?r?S 
40 W1-'5>o -Of*, 7.-fV/2 1 2{;iI<iV, f^:i$-r-5>lll 1 

*T';K7?*T';i^^5c?8:r iM«r^^-tSo c^of*, :^7"y 
7*2 1 Sizm^. XD -y h ;uTiti»^iii^rt<7>^^SQ 

Qin(i)= iGin(i) -Qm(i-I)/ r i«l • Ts +Qin(i- 
1) 

ZZX'^ Qm(i)(±4-llo;^n y h ;vTv)!ii8i^iig&l*JO^ 

^S, Ts li-f >7''; >^^^P4T**>^o 
50 [0 0 8 5] C1<0^, Xx y:/2 1 4(Cii.^ii, ;^n y h 
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Pm =Qm • R • T/Vim 

ClC-e. R(i^^5glS. T(iiR^fflS> Vm(ixn«yh 

[0 0 8 6] COf*:, 7.'r yy*2 1 5 Hii^> 4^00^ 
i|fl|®^EPm(i)tBfrilO^WilR^EPm(i-1)tO^ 

Pm (i) - |Pm(l) + Pm(i-l)| /2 
[0 0 8 7] [i^ilJlxny h;uiii§^^iil^;i^-^ 

Gin = M • A 



Pa 



>/r-t 
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tt^i:. 4-r;^7^*y7^2 2 1 -e. f*3^-r^[ili so^jfio 

:^7^y7*2 2 2\iZm^^ ±^l±Pa . t&MiaSTS 
0^*ffirllIOi^}l|igi^EPrn(l-1) ^ia<^^iitfo 
[0 0 8 8] C<?^f^. ;^T"y 7^2 2 3 Uil*^^. ^}il>^n 

70 [0 0 8 9] 

^ [iSc4] 

• f (Pm/Pa) 



Gin : 


; ;:^D5/h/Uiij§^^4[kg/sec] 


H : 




A : 




Pa : 


;fe^[Pa] 


Pm : 


K^ffiCPa] 


R : 




T : 




f (Pm/Pa) : 


K^Pm4::*:^ffiPa<?:>Jt-eSt*Si|&Sfii[ 



[0 0 9 0] ^<rm. fjL ■ Aii. ^?!l|xn y 

f ^•/■t7^-5'i:-r;i>x--7';i'7j^'b»aiL> f (Pm / 
Pa ) t±. Pm /Pa i^^'y - 9 b-t^m? <7)v---r 
)l'i)^hn&iri,o Si^EPm !±, ffirli]<7)^)i«l^EPm 

[0 0 9 1] [^aUXn-y 01 
5<7)^jll;^n-;/ h;ura*?1IDLA'-^>(±, HI 4<o^a!l 

(0 0 9 2] 3f:;i.-^>;0?jgij)$tt^ i-r^^T-;/^ 
2 3 1-C% T^'-b^P^^^i^UCL-CrSRJ&^IS^Stota 
I iWc^-fho C<7)^, M*Jt^tt^i total (±, r^'-t 
^u^ftfitcitCfc^^MS^ pedal T-T K^HHteiS 
S«IJffll (ISC) tcJ:^5f*HS# isclf<?)«l>^^r5* 

^ total =^ pedal + ^ isc 

[0 0 9 3] Cicof*, Xt--;'-7'2 3 2lCjt*. J^n-yh 
fbSSi^SPtl^ioTjlffi^troigiStt^flt^total Srffl 



^Sil^fb* c^eit. mnmmm.T a u orS* 9^ ^yy 
(^i*i5E«^^»o^}ii]^'-f 5 ^o-cj^^^^^ur^ 

Mv^Jt-g-ii, c<o*Eit:B#HTthi*i<o;^n y h;u§iJSo^ 

[0 0 9 4] CrcO^. J^T- y ^2 3 4 ICitA. aft<0;^ 
n -y h;w^S^lc^ifflI^fbSA ^SrSn^LTi^-ffllxn-y 

f =e + A0 

[0 0 9 51 [iR^m* T'^H^5tl@CJl{« ;P - ^ > ] HI 
6<7>lS^^.*•r';^B#^^^^^;^-^>(±, Hi so^jffl 

^^Ev$»-'i'--f->ox-r y ^2 1 2X'm7^i^z-*r-r 
•y:7'2 4 iT% ftJE-r^Hi 7 <owmi^m.n)^-^> 

^^*^TLT, ft:Wa5^7 *«»i--l.o wOf^, Xx-yy 
50 riu=2 • Viu/ (Vc • 7 • Ne /6 0) 
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ffi) , Vc ti->';>^^#S (H5effi) , Ne (±i>v> 
Htei^S ( r pm) t?**o 
[0 0 9 6] >] H 1 7 

--f->c0Xr- y7'2 4 1 -cmf ?tL^-tf7*;u-^>T-* 

*;W-^>**igli$*t-2) i -T;^ -r y 1 5 1 
T% B5llOiR^BEPin(i-1), :fe^EPa , tR^iaST, 

7KjaTHW?r^<i^fjitro wOf^, 7 n 5 2 tCii 
<^«., Pm /Pa , j:.^ v'^iKEfSftNe , /N';ur5'-f 5 
;^ V V T t * 7 > - i: -r -2> -7 y -/ L 

[0 0 9 7] [i«l+ftt«iE;l'-^ >] H 1 8 OPtftfStit 

iE^W-^>(±, 11110<7)^'f>;l--^><7);?.7^-y7'4 0 
0T-*lT?tu-i,-<^--7';u-^>T-cbt). ^*i»#tl:>S»^t' 

[0 0 9 8] t-T^^T- y-f 

^l-^ftlilE^ifcKload^/hS-v^ttKI tlfS^-T^c -co 
afiti, ( 1 ) <oMirt^«^«S(7)}S»;^ft 

mm) imm0.<=!'mr^zt7!)^x^:hfzif>. mni^tm 

[0 0 9 9] TC^-^)V^m~S.i>n.mm.W5Xti:\.^ 

^) ir(±. ^■r yy4 0 sizii^. n^wiW)\~f^-r 

)i'm'^t.t^h\i.^mx- b ^j:\^^tzib^ T i' -t )i^i^mM\-<7) 
mmizxhn^m«n~MLxii. mnmmm:i~n^^n 

[0 10 0] JiliOi 0 LT. X7- y7'4 0 2XI±4 

0 3-c. n^^mi~n-ri>mmmiE^MK\oadi:dk^L 

tz'ik. y 7'4 0 4 icit<^, :fti8f^»moiiHici* 

^^Kload, Kc S.O'fttJaiStttB^MTv ^rffl^^T, 

TAU^T'^SiUJ: fJiS 
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TAU = Tp XKIoadXKc +Tv 

[0 10 1] }^X±.umLtz^n'-^>i~i.^x9MLtz 

5r[ll 9<0^'^'/^^■v- K;:^Lrv^-5>o J^>v>-a$S 
tt>(±, Ti'-t^uftf^a^mt-UTraiKJi^il^S total Sr 
IS:5eL, ^OSSJ&^^ffi^ total ^ ^ > i^^m 

]gi^KTdly ^iltSS^-ti-'S.o SM^KTdly 

;^-r-A<7)*tScB#rflTtht^L?K^fcB#^ (Tdly =Tin 
j -Tth) tCia^SH^o (BL, *?i3M-i«tt*TAUO?^ 

inj 75*. ^^xn y h ;w->;^-r AOSSfcB^KTthJ: 0 ^> 
ffl<^Sti^ (TInj -Tth<0O*»'&) l±, il®R#W 
Tdly ^ 0 t-r^o 

[0 10 2] ilJiBilOPaJSJi^ffi^ total (l*o*v>-C[il 
»L-c. i?l^/N';vrW5"f 5 >r (X(iAli!cB#KTth^l 

• m^^-M^a L Ti&^/<vw J' ^ ^ > i r-cotsrt5T: 

«^^S<^^?l!(gEffcSAGc *}1[»-r-&o C<7)^j)Il|^fl: 
l*I^«Sg^*Gbaselctp^ t-C, **?-6fl^^vfflfgirt3t« 
«2g^S) ^*«:>-l.o ^ttUJ:*), 1giF«35te«lg^aGc 

wmmistijpi±^^i^ti)^x'i:ho 
[0 10 3] immm (2) > ±Mmmmm (d -e 

Ji> f-fW-f^g: (02 #88) tci i)xn-7 

« «r=ff ^ J; ^ L/C*?. 020 t;^-r*5&?§<7)^ifef^,^. 

(2) Xkt. -f-f U'f^g^r^v^T, X n y h ;Pil]SSlJ 
^i^ft>-r. m^;^n y h;uv;^-rA<?5*tiJ:B#raTthSr 

40 [0 10 4] (2) T-(±, gaSffSf^ffirS*^ 

mzii'^xri'-t)},mi'!^tmzm^\.-x^^Lfzmmm 

LT, miBHiSff^l?. (1) tmm<7):>;mx\ ^i^xDy 

^/nVW-ZIH^'^ 5 (XJiillfc^HTthigjaf^) <7>>!. 
J;oT, c:(7)ii}i|;!;n y h;u^S*^t>jS<7)^jSiIfg|*i5ta 
50 -TEB 5' ^ 5 > (Xl±«lifcWFM T thigifi^) t T'Offirt 
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[0 10 5] a±m.mLfz:$:^mfm (2) (Cisv^r 
ffiT-J^n y h;u->XxAO*iicB#KTthS:flJfflLr 

-So 

[0106] {^mmm ( 3 ) > ±mnm=Bm d) , 

[0 10 7] (3) T-(i, T<^-b)mimt 

iSff^S^ (1) , (2) T'(i, eS^im^T-^KZ^jBlxn y 
h;i-gaft*A^iL;t54^ (3) T-i±. m^<r> 

XD -y h;upgjs (xo y h ;i/ra)S-t 1 8om:^j) ^ 

ffirffiHSSf^.^. (1) i:IIRfi<3i:|B)Ut:*>»). ^ftoxn 

*?-«J ^^i!Blfiil*I5te«^S * **i> o 
[0 10 8] i<7)J;-9ic-r*v(f\ ItW^xn y h;i/->;^ 

[0109] mmmm ( 4 ) > ^iB^ssf^® (1 ) , 

( 2 ) r-i±. EI 2 . m 2 0 izni-tx n o y h 

(;^D-y ^;^BgJ^-t>•^^-l scorn;':) t t;^o'v>ria^ 
/•f^urW^'f 5 >r (X(±*tii:B#PflTthgjift) OXn 

-So 

[0 110] ::ttCitLT, (112 2 7iMll2 5 U^-T:*: 
flWoHiftff^^, (4) t?(±, S^;^ny h^p^f^wccJ: 
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ggs-b^-tfi 8odi:>3) b{zm^^^xm.%'<>vy^9 ^ 

ft) ii^W-th-lj^ ia^^,*T--;ncJ:oT, ;a4ox 
n y hfVJ^m (xn -y h;H3K-t>-»M 8<om:t») t-ll 

[0 111] :^^mfm (4) T-<>. mi o tiwio^' 

yn^-^y^^nL. X'r y 7'2 o o-eiii2 3<o^jfflfiF 

mmnm (d tmtx-^^o 

[0 1 12] 1112 3<Oi^TlJ^I*I5^«^^ft?t»;i'-f^> 
•CJi. Xx-y -rs 0 Of, f*i$-r-5)Iil2 4 0^ft<?5feF«9 

^tt<7);^n y (xn y h ;i.g§it-t >-)f 1 

8<7)ai^j) t;*o'v^T5tft<7)i^l*l^«^^ftGest 

[0 113] ^cof*, ;^f- y-/6 0 0 
112 5 0^f*O^I*l5E«^*:i^S»^^-^^^r^^f 

n y h ;HBS d t {caio*v-T®^/<;urW ^' 5 > ^ 
(3l(±*ScBfMTth@i§^^) <7);^n y h;i.MS6'f 

30 0f 7>-t>#*0«l*l^«^^ftGcf ({5<7)^}!il«l*l5c« 

[0 1 14] Z<7)m. 0 0 Cil^, tlrfB^tt 

ff^.^ (1) i:|ll«0*ft-C'^-;^.iai*l^«^^SGbase 

MMGbaseKtmLX. «*^•^K>=i^^ilJ«l*I^«^^SG 
c i:^ii>i>o 

Gc =GbasG+ (Gcf— Gest ) 
40 [0 1 1 5] 0 2 4<7);sttcof^[*i^«^^l:Ji^;u-^ 
^T-fi, ST;^x y 0 1 tr, i^lEO;^ n y h 

[0 1 16] ;^-r y 7*5 0 3 {zm^. mumm. 
mm (1) xmmLfmi 4ff))v-^> tmm.(o:f;m 

x\ wS.<r>:^u y h;i'iii§^^ftGin^?S»1-^o 

50 f*, Xt^ y y 5 0 4 tlil*., «frgS**(i?Kjli ( 1 ) X'Vim 
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[0 117] C<Of^, -fbO 5 tCji-i^p^, mSE*iS 

Qin(i)= IGin(i) -Qm(i-I)/ r ml • Ts +Qin(i- 
1) 

Qm(i-1)(±Blrll«oxn V h^uTiti^^jiKrtO^ 10 

Ts (i-y-^y; vmra-r-^-Bo 
10 118] z<r)'ik. ^T-y-i'b 0 euii^. ;^n y h 

Pm =Qm • R • T/Vih 

T «!l iiSS <7> 1*1 S m -e ^ o 

[0 119] ^<r)^iks :^T- y7'5 0 7 izil.^. 
^)EPm(i) fcfl9lBl<7>iR^JEPm(i-1) tO^i^JfltSr^mi- 
Pm (i) = |Pm(i) + Pin(i-1)t /2 

[0 12 0] ::cOf^. Xt--;'7°5 0 SUil.^, icoigi^ 
flEPm *fflv»T, ;>C^tcJ: »9a^OfeF*3?E«^»»Ges 

t imn-fz>. 

Gest = 7 • Vc • Pm / (2 • R • T) 
7 : 

Vc : r§» 

R : 

T : iR^ias 

[0121] -fj. H 2 5 co#*<;)^|*I?Ej«^MS?Sff 50 

(1) r-gi?§L/clIIl 3 0^jSi]iS^JE«»;v--5^>i:|Wl 
liMai-io-c^jM^^EPm (im^/f;i.-7'^^^ 5 > 
r<7)ia^lE) ^riSlt-r^o -Of*, :^7^ y7'6 0 2(cjl 
^?M®ft)EPm «rfflv^-C, -ASltc J: 0 ^**OlgrF«9^ 

Gcf= 7 • Vc • Pm / (2 • R • T) 

[0 12 2] i:x±mmLfz:/fmmm (4) t-(±. ^4 

(1) , (2) J; "9 <>l§fl*i^«^^*o^r|il'^'fb»*ffl 

[0123] <«ife»^. ( 5 ) > ±fE*Jfef#^ ( 1 ) - 
(4) T-(±, xny b;i.pgj^7i^t,®F^5tJ^^^l:5:j«» 

i--&is^^*T';ws-fflv»f^**, :i^§km<nmiimm (5) 50 
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[0 12 4] ^mmfim (5) r-(±, «rt?c«^^«:S: 
«r/J>$v^fltt-^^t-^o C CO J; 9 l--tttldr, IS^^^T-- 

[ii®offi*^lfe?g] 

[n 1 ] ^^m<r>^mfim ( 1 ) > v -> 
[0 2] ^teff^.^ (1) <7>s^^sij«) -y Y<nmmi7r^ 
[ma] X D -y h t ^jiiiiigirt5t«^^i 

[114] i:^-;^n y h;u^r'^i-5r^-trn yi'^i2i 

[US] iR^m*T';uSr^i-:rn -y i'Mia 

[He] f (Pm /Pa ) o-r-r;usrffit^e<jn^-ria 

(•e<7)i) 

[117] f (Pm /Pa ) c7)-r-r-'P^m^fi<jH^-rill 

(^02) 

[US] S*WjieB#t-III6<7) f (Pm /Pa ) cOt"- 

-7';i- * ffl v> r j*^ L l*i^«^^4 G cf o^ift ^ 

[1119] 5e*1^««eB${C|a7<0 f (Pm/Pa) (O-r- 

•r;u^fflL>-r?g»Lfc^jBligiF*j?E«^MfiGcf<o^ii^ 

[HI 01 /-^ y')l'-^><n^m<0^1xi:7T^•ty^-'f• 
[HI 1] xny Y>\^mwsm)\^-'f-><r>^m<r)mKi 

Tn-f-yu — ^^— Y 

[SI 3] ^!!liSi^lE?ait;i/-^>coMiao^ix^:^-t 
ya-^\— Y 

(HI 4] ^jWqRMIE«»;i/-^><7>^a<0»E*T.«r*-r 
[HIS] ^jii|;^ny 

[Hie] ®«m*•f';^«F5eS:«SL^^-^><o^^La<o^£ 
(nil 7] f*:«^^«^;w-^>C0^ai31<OijiE*t^r^-r7 
(01 81 i©StSMiE;u-^>o^a<ogE<x*^-f va 
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(17) 



2002-201998 



iH 1 9 1 mmmm 

[02 01 mmfm 
[@ 2 1 1 ^mfm 
[a 2 2 1 *iiSff^^. 
[n 2 3 ] m^mum 

[@ 2 4 ] HJftf^^ 



(2) <om^«IJ|fllJ.^y KOltSg* 

(3) <os^=-®r(»^--;' K^^fife* 

(4) <r)^=i-mn^- y Y<r>mti 
(4) <0^SlI«l*l5E«^^S?«S^w 

(4) oattw«rt3te«s^fiit^ 



i2 



IH 2 5 1 ( 4 ) W#5fcco«rt^«^^4j*» 

1 l...i>v'> (rt^^ltM) . 1 2-m%m. 1 4-j:. 
r7n-;<-5' (iSA^^iSS^aS^a) > 1 5-XD 
•y 1 6 -la^E-t >■<}■, 17—^-5' (x 

n y h;i.T^'^iJi-^) , 1 8-;^ny h;ugggE-t> 
1 9-iR^Ti.-^-;u 2 0 -^fl-iftW-*. 2 5 



IHI] 



27 
26 



r 



A/D 



29 



25. 



~>4 



'28 



CPU 



32 



T 



45 



L. 



ROM 



'30 



RAM 31 



.J 
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m2] 




/ 












d 
dt 



J 



[113] 



V 



[ins] 



T 



i§ig^fgTdly 



i 
I 




Gcf 
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I M^^^'yhJl^y'Jl' 



^ total (i-Cdly) 




JUL 




dt 



>:affiPatPa]. 



[US] 



Pa 



Gin— II -A- 



• £(Pm/Pa) 



rR-T 



U'A- 



Pa 




fOWPa) 



Pm 



2.R.T 



QmG) = j GinO)- "^j^ } • Ts+Qma-1) 



iGcf 



imi 6] 



Tw = 2>VIM 

Vc*n'Ne/60 



241 



242 
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(20) 
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[HI 0] 



[Hill 



c 



3 



100 



'300 



'400 




101 



Yes 



Tdly ~ xnax(0, Tlqj— Tth) 



Cdly =Tdly/Ts 



104 



105 



,106 



[ 0totaia-Cdly)«rai;^ / 



c 



,103 



I 



'221 



'222 



223 



[mi 5] 



c 



e f = e + A e 



c 



221 



231 



-232 



233 



234 
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[HI 2] 



[HI 3] 



200 



C "^m^^mm y — ^201 



201 



71 'Vc'Pm 



Gcf = 



2-R-T 



'202 




205 



Cp='nni/Ts 



AGc=Gcfa)+Gcfa-Cp) 



am 



206 



'204 



207 



211 



212 



iCO = { 



QmCO = GinO)- 



"^1 



Ts+QmG-1) 



Gm'R'T 
VW 



Pm'= 



Pajj(Q- PmCD+Pmq-l) 



c 



3 



'213 



'214 



215 



Gc=Gbase+ AGc 



208 



c 



[HIS] 



[HI 7] 



400 



401 



241 



»^CffPm(i-l) 



c 



251 



252 





Yes 402 


Kload=»Kl(4^$VHa) 


















TAU=Tp-Kload-Kc+Tv 









c 



403 



«B;4SH$iE«afcKload«Stt^ 
Kload = K2(:*c#V^flO 



'404 



405 
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1112 0] 





TSi^<r>%Tiv\m& Pa T Ne f3l^*«S«»«>T^jaj«<fc* 

I , , , — • — 











d 
dt 



J 
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im2 1] 



/ - 















""on 


1 K^tyf 









j R^t> 



Pa T Ne 



1 i I ' ^ 











d 






dt 



mm 



[[112 2] 




n / 



Y 




Pa T Ne 

ILL 



5^ 



Pa T Ne 
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[[12 3] 



1112 4] 



^-m^^m^^:StGbase <Dt^n 700 



Gc=Gfaase +(Gcf— Gest) 



c 



3 



800 



I 



:*:^Pa, K^Btia^-, KtCHPm 



500 
'501 

502 

,503 
504 



OmG) = { GinCD- -^1^) • Ts+Qma-1) 



505 



Gm«R*T 



vw 



P„(0= Pma)+Pma-1) 



GesttOiStIf 

2«R -T 



506 



507 



508 
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2002-201998 



[112 5] 



I 



Gcf= 7? *Vc -Pm 
2-R-T 



601 



602 







F i 




11/10 




F0 2D 11/10 


F 


29/00 




29/00 


D 


41/04 


3 0 5 


41/04 


3 0 5 B 




3 3 0 




3 3 0 B 








3 3 0 C 


41/06 


3 3 0 


41/06 


3 3 0 B 


41/08 


3 3 0 


41/08 


3 3 0 B 


43/00 


3 0 1 


43/00 


3 0 1 H 








3 0 1 K 
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F ^ - A (##) 3G065 CA1 1 DA05 DA06 DM 5 EA04 



EA05 FA04 FA12 GA05 GAIO 
GA27 GA46 HA06 HA21 HA22 
JA04 JA09 JAIl KA02 

3G084 BA04 BAGS BA13 BA15 CAOl 
CA02 CA03 DA04 EA04 EBQ2 
EB06 EB12 EB16 EB25 EC01 
EC04 EC07 FA08 FAIO FA11 
FA13 FA26 FA36 FA39 

3G093 AA05 BA14 CAOl CA03 CA04 
DA01 DA03 DA06 DA07 DA09 
EA09 FA02 FA04 FA07 FA11 
FA14 

3G301 HA01 JA03 JA28 JA29 KA01 
KA05 KA07 KA12 LA03 LB02 
LC04 MA01 MAI 2 NA02 NA07 
NA09 NB06 ND02 ND45 NE22 
PAOIZ PA07Z PA11A PA11Z 
PEOIZ PE03Z PF03Z 
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